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1953, BY THE AMERICAN Mepicat ASsoctaTION 


HISTORICAL RELATIONS OF MEDICINE AND ENGINEERING 


WILLIAM S. McCANN, M.D. 
ROCHESTER, N. Y. 


HIS YEAR, in which we mark the centennial of the founding of the American 

Society of Civil Engineers, offers the Association an unrivaled opportunity of 
taking stock of the relationship which exists between each field of science and engi- 
neering. The designation “civil” engineering was used to distinguish this branch 
of engineering from military engineering. The implications are that it is dedicated 
to the arts of peace rather than those of war, that it seeks ends which will improve 
the lot of mankind rather than those which tend to destroy man. Thus civil engineer- 
ing and medicine share a common objective and must therefore have certain natural 
relationships. Historically, one regrets to say, these natural partners have frequently 
worked at cross purposes. Generally speaking, though, engineering has taken the 
initiative, while medicine has followed behind, dealing with the consequences of 
engineering development. Both medicine and engineering are just beginning to 
understand the nature of their functions and the necessity of their partnership in 
promoting the welfare of man. 

The good life exists only when man makes a successful adaptation to his environ- 
ment. The civil engineer seeks to improve the environment in such a way as to ease 
man's struggle to adapt. The task of medicine is to assist man, individually and 
collectively, in this struggle for successful adaptation. When the stress of the 
environment is too great, the strain of man’s efforts to adapt produces a disturbance 
of his ease—dis-ease.”” 

Karly inhabitants of the Nile and Euphrates valleys probably suffered alternately 
from floods and droughts. Primitive engineers built canals to aid in flood control 
and to irrigate crops. History does not tell us what the result of this may have been 
in regard to malaria and schistosomiasis. We may fairly infer that these diseases 
were increased, since they continue to this day greatly to plague the lives of those 
who live in Egypt and Iraq. The primitive engineers improved the environment in 
one respect, but in doing so they undoubtedly upset the previous balance of ecology 
in an adverse way. Many centuries were to elapse before medicine could put into 
man’s hands etfective means of dealing with this environmental situation. 

The primitive necessities of man led to the invention of tools and weapons. The 
speculations of philosophers and the experiments of scientists based upon these 
speculations led to understanding the principles and laws of the physical environ- 
ment. It is to the mastery of these principles and laws that the engineer is dedicated, 


Dr. McCann read this paper as his vice-presidential address at the 119th meeting of the 
American Association for the Advancement of Science, St. Louis, Dee. 29, 1952. During 1952 
he served as chairman of Section N (Medicine) of the A. A. A. S. He is on the faculty of the 
School of Medicine and Dentistry of the University of Rochester. 
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and to that end he seeks constantly to find new materials for tools and weapons and 
to make new engines for the transmission of power. Each advance in technology 
inevitably disturbs the whole ecology and presents man with new types of stress to 
which he must adapt. Each new environmental problem has led to new needs for 
an advancement of medical knowledge, which we must admit has lagged behind the 
technological advances for the simple reason that the development of the biological 
sciences is of necessity secondary to that of the physical sciences. 

The great engineers of Rome built aqueducts, in the course of which construction 
they learned to bore tunnels accurately and to make arched bridges. These aqueducts 
did much to encourage the development of cities by conducting into them pure water 
to replace the water of highly contaminated wells. This same water was used to 
flush latrines into sewers, by which human wastes were conducted outside the 


cities, but the sewage was rarely disposed of with safety. 


As a concomitant of this development of cities, however, and on the debit side, 
was the inevitable increase of diseases. Some diseases were transmitted by contact ; 
others were transmitted by rats and lice, which multiplied in crowded areas. 

The Roman engineers built roads over which the wagons of commerce could 
move, and also the chariots of war and the marching feet of the Roman legions. By 
the improvement of arms and logistics, the power and might of the Roman [Empire 
was built, but in time the roads became convenient avenues for the barbarian inva- 
sions. Moreover, the military might of the legions was often weakened by the 
ravages of enteric disease, louse-borne typhus, and rat-borne plague, because medical 
knowledge lagged behind engineering skill and development. Roman medicine was 
in no way comparable to Roman engineering. 

Throughout the history of modern man, his desire for wealth and power has 


. 


almost invariably decided the ancient question of “guns versus butter” in favor of 
guns. These weapons required metal. On the heels of the Roman legions, in Britain 
and Gaul and in the Rhineland, came the development of mining. The first clear 
account of this development appeared in 1555 from the pen of Georgius Agricola 
(nee Bauer). His “De Re Metallica” was first adequately and accurately translated 
by Herbert C. Hoover and his wife, Lou Henry Hoover, in 1912. Agricola: was 
born in Saxony two years after the first voyage of Columbus. One of the most 
interesting facts about him, relative to our subject, is that he was a physictan—the 
town physician at Joachimsthal, a mining center, where he spent “all the time not 
required for his medical duties in visiting the mines and smelters, in reading up in 
the Greek and Latin authors all references to mining, and in association with the 
most learned among the mining folk.” 

Agricola’s interest in the technology of mining and smelting was stronger than 
his interest in the diseases of miners, to which he devoted only three pages (in the 
Hoover translation). He mentions the dangers of “pestilential vapor” and “noxious 
fumes” and the use of devices to improve the ventilation of mines. He discusses the 
accidents of mining. He mentions venomous, spider-like creatures in some mines, 
and also demons which could be “put to flight by prayer and fasting” and which 
were analogous to the gremlins of the modern airman. He mentions the effects on 
the extremities of long immersion in the cold water of wet mines—our modern 
“immersion foot” or “trench foot.” In the dry mines, he described miner's asthma 
produced by dust, noting that “if the dust has corrosive qualities, it eats away the 
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lungs and implants consumption in the body’’—our modern silicosis. He showed 
proper concern for mine ventilation and recommended the fastening of loose veils 
over the faces of the miners not only to prevent dust from being drawn into the 
lungs but to protect the eves. 

It is clear that chemical technology, if not chemical science, was well advanced 
by the middle of the 16th century. It remained for Bernardino Ramazzini, an Italian 
physician of Padua, to write the first systematic treatise of the diseases of workers 
which resulted from this technology. His “De Morbus Artificum,” which was 
published in 1700, marked him as the founder of industrial medicine and of the 
whole tield of preventive medicine. He performed autopsies on the bodies of miners 
and found the lungs filled with myriads of “little stones,” thus giving the first crude 
pathological picture of silicosis. The technology with which Ramazzini’s workers 
were engaged was largely that of Agricola’s time. 

An interesting relationship between technology and disease is to be found in the 
production of glass, which is of ancient origin and had been highly developed in 
certain aspects, such as in the stained-glass windows in churches and cathedrals and 
in the 13th century Murano-Venetian colorless glass. These glasses were made in 
small quantities and were very expensive. It was not until the middle of the 15th 
century that extensive use of windowpanes in private dwellings was to be found in 
highly developed cities such as Vienna and Nurnberg. In the England of Elizabeth 
I, glass began to appear in dwellings, the product being more extensively used after 
glass fabrication, which had previously used wood in the furnaces, had turned to 
coal by 1635. It is noteworthy that Francis Glisson wrote the first good account of 
rickets (“De Rachitide’) in 1650. Later students of this disease, knowing its rela- 
tionship to a deficiency of vitamin D, attributed its widespread appearance in 17th 
century England to the introduction of window glass. This invention had greatly 
altered the living habits of the people from an outdoor to an indoor existence, thus 
diminishing exposure of the skin to sunlight. A study of pre-Elizabethan skeletons 
has indicated a relative rarity of rickets, as compared with skeletons of those who 
lived in post-Elizabethan England. 

The great engineer who was the contemporary of Ramazzini was Thomas New- 
comen. The fascinating story of the development of steam power, from the dis- 
coveries of the ancient Greeks, has been admirably told by Hart.' He has traced its 
development from the Ball of Aeolus in Heron's “Pneumatica,”” the observation of 
Leonardo da Vinci on the expansion of steam, and the lost engine of Blasco de Garay 
(1543) to the applied mechanics of Besson (1578) and of Ramelli (1508), the 
experiments of Della Porta (1601) in raising water by steam power, the first crude 
steam turbine of Giovanni Branca (1629), and the work of Sir Samuel Morland 
and Lord Worcester (1662-63), of Thomas Savery (1698), and of Denys Papin 
(1690). By 1712 Thomas Newcomen had his steam pumps at work in English 


mines, and by 1784 James Watt had completed the double-acting steam engine. By 


linking up the crankshaft of the latter engine to the shafting of a workshop, the 
large-scale use of machinery in industry became possible, thus bringing about the 
Industrial Revolution. 

One could trace the development of the internal-combustion engine from 
Huygens (1680) who exploded gunpowder in a cylinder to Robert Street (1794) 


1. Hart, I. B.: The Great Engineers, London, Methuen & Company, Ltd., 1928. 
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who exploded turpentine vapor and Cecil (1820) who exploded hydrogen, from the 
crude engines of Samuel Brown (1823) and William Barnett (1838) to the suc- 
cessful development of the gas engine by Lenoir in 1860, From this point it needed 
only the development of liquid fuels to give us the modern power plants in auto- 
mobiles and aircraft, which dominated the life of the pre-atomic era. 

The reaction of medicine to the Industrial Revolution, which brought about 
stupendous changes in the physical, economic, and social environment of man, was 
slow in getting under way. This is understandable when one remembers the depend- 
ence of the biological sciences on the physical and the greater complexity of the 
problems facing anyone who essays the study of physiology with the tools of bio- 
chemistry and biophysics. It is small wonder that fame comes early to the physicist 
or chemist who can deal with the elemental transformations of matter and energy 
by the mathematical analysis of ponderable data. But fame comes oftener to the 
biologist when his hair is gray, since he deals with systems within systems, cells 
within organs, nuclei within cells, and a galaxy of intranuclear systems. However, 
biological science and physical science have not been so different in this respect 
since the physicist invaded the atom. The biologist is delayed in his progress 
chiefly by the capricious, and so far unpredictable, behavior of those physicochemical 
systems which determine the psychic phenomena of living organisms, and this is 
most true of the physician who must deal with the most unpredictable (shall [ say 
cantankerous?) organism of all. 

Just as descriptive morphology led to the development of systematic botany and 
zoology, thus antedating experimental physiology, so in medicine the clinical nosog- 
raphy initiated by Sydenham and the morbid anatomy developed by Malpighi laid 
the basis for our modern nosology and preceded the physiology of William Harvey. 
The medicine of the early phases of the Industrial Revolution was largely in the 
descriptive stage. Coal and iron dominated life during the industrial development 
of England. Under the darkened skies of the Black Country, men, women, and 
children knew ceaseless toil for poor wages. Malnutrition was widespread ; human 
misery reached an all-time peak, for which alcoholism and venery were the most 
available anodynes. The poor bred like flies, venereal diseases flourished, and drink 
became “the quickest way out of Manchester.” The impoverished bodies of rachitic 
and scorbutic children became the prey of tuberculosis. On the fringes of this abject 
misery, the lives of the business and managerial classes were little better. As Lewis 
Mumford put it, they “sacrificed their digestion, the interests of parenthood, their 
sexual life, their health, and most of the normal pleasures and delights of civilized 
existence to the untrammeled pursuit of power and money.” 

The great English physicians of the period gave their names to the morbid pic- 
tures which they painted, such as those of Addison, Bright, Graves, Cheyne, Stokes, 


Corrigan, and Hodgkin. Their efforts were almost purely descriptive ; their therap) 
was empirical. Little attention was directed to pathogenesis or to the relation of 
these disease conditions to the social milieu in which they flourished. 


The foundations of modern epidemiology were laid by the French nosographers 
of infectious disease, Andral, Bretonneau, and Louis, but the development of epi- 
dennology, of sanitary engineering, and of preventive medicine needed the impetus 
of the discoveries of Pasteur and of Koch. Methods of water purification and sewage 
disposal were perfected; the intelligent use of quarantine and isolation took place. 
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The principle of vaccination, which had originated in the Far East, had been 
employed empirically long before Pasteur. Bacteriology gave us the Lister spray 
and aseptic surgery, antitoxic sera ( von Behring ), and typhoid vaccination (Almroth 
Wright, F. F. Russell). The growing chemical technology gave us the salvarsan 
of Ehrlich and the sulfonamides. Microbiology produced penicillin. This interplay 
of technology and medicine would promise an early conquest of our microbiological 
environment were it not for the fact that each technical advance has had its dis- 
advantages as well as its advantages. An antibiotic which inhibits one group of 
infectious agents may liberate another group, so that the ecological equilibrium is 
disturbed and new medical problems arise. 

In the year 1917, as a young Army medical officer, | served for a time in the 
Panama Canal Zone. There I had the opportunity of learning at first hand of a 
great engineering triumph, which would never have been accomplished without the 
aid of medicine. Goethals succeeded where De Lesseps had failed, largely because 
he had the aid of a great physician, William Crawford Gorgas, as a leader of his 
sanitary forces. 

Incidentally, I learned of the personal bitterness that developed in the process 
of this collaboration. It was the ancient battle between line and staff, between soldier 
and physician, which had handicapped military medicine for ages. Fortunately for 
all concerned in this case, President Theodore Roosevelt and the Congress took the 
side of the physician, and the Canal was built. This was not a purely local victory 
jor medicine. With the appointment of Gorgas as Surgeon General of the Army, 
military medicine achieved a new dignity and a new authority, which gave our 
Armed Forces in a major war a death rate (including battle deaths) less than that 
of a corresponding civil population. Gone are yellow fever, smallpox, typhoid, typhus, 
and most of the venereal diseases. Malaria appears to be on the way out. Of the 
ancient military scourges, dysentery bids fair to be the last to yield. 

As we enter the Atomic Age, it is an encouraging thing to note that physicists, 
engineers, and medical people are going forward hand in hand. While the explosion 
of the two bombs in Japan may have given the deathblow to civilized ethics, the 
devastating etfects were such as to establish medicine in a position of great responsi- 
bility and, we hope, one of authority in all future operations with atomic energy. 
If medical officers were in command, | doubt very much whether an atomic weapon 
would ever be used in warfare. Since they are not in command, we can only hope 
that atomic warfare will result in a stalemate, as did gas warfare during World War 
I] when each side had deadly gases but was inhibited in their use by the certainty 
of reprisals. Even when we beat our swords into plowshares, as in the conversion 
of nerve gases into insecticides, we shall set in motion a new disturbance of ecologi- 
cal equilibrium, which will introduce again a whole new set of medical problems. 

Throughout this discussion I have used the term medicine in its broadest sense, 
the sense in which the medical section of this great Association is organized; it 
embraces all the diverse groups whose common end is that of helping man to achieve 
a healthiul adaptation to the manifold stresses which his environment imposes on 


him. Around the central nucleus of practicing physicians who minister directly to 


the sick, we have the medical scientists, biochemists, physiologists, pharmacologists, 
microbiologists, and psychologists who train and help the practitioner in this task. 
There are also public health administrators, sanitary engineers, and industrial 
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experts in preventive medicine. There are nurses and social workers and, last but 
not least, human engineers who try to fit machines to the men who operate them 
and to select and train operators who are best adapted to the job. 

It is obvious that technology and the machine have far outstripped man. They 
create noises he cannot endure; they make possible travel at accelerations he cannot 
tolerate ; their devices may get far off course or off target in the split second of the 


best human reaction time. More and more we turn to automatic controls. .\re we 
creating a Frankenstein? Will our robots rule us? Is the individual human mind 
to be replaced by one vast electronic computer? Fortunately, we can say that this 


will not be so. The car does not go until one steps on the starter. The computer 
does not function till a man feeds it the data. The guided missile finds its target 
by the will of a human mind. Machines may overwhelm us, but we still have the 
initiative. To this end, engineering and medicine must go forward together—the 
one to improve the environment of man, the other to improve man’s adaptation to 
this environment. Let us never forget that we must deal with the whole man in 
relationship to his whole environment—physical and physiological, social and 
psychological. 
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URINARY EXCRETION OF PARANITROPHENOL FOLLOWING 
EXPOSURE TO PARATHION 


Progress Report 


JAN LIEBEN, M.D. 
RUDOLPH K. WALDMAN, Dr.Chem. 
AND 
LEONARD KRAUSE, M.S. 
HARTFORD, CONN. 


URING the past few vears the use of highly toxic organic phosphate insecti- 


cides has become a common practice among fruit growers, tobacco growers, 
and greenhouse operators. Repeated spraying operations with various concentra- 
tions of the chemicals are undertaken annually. Varathion, 0,o-diethyl o-p-nitro- 
phenyl thiophosphate, is at present the one most commonly used in Connecticut. 
Since 1949 when a greenhouse operator was the first to be poisoned by parathion 
in the state,! the Bureau of Industrial Hygiene and the Bureau of Laboratories of 
the Connecticut State Department of Health have been active in developing an 
effective preventive program for exposed persons. 

The blood cholinesterase activity test, generally used for determining the progress 
of organic phosphate poisoning. was tried, but it did not prove entirely satisfactory 
in our hands. This led to a search for other tests which could be used in our pre- 
ventive program. 

Recently, Mountain and Zlotolow ? described a urinary paranitrophenol test. 
Absorbed parathion is detoxified in the body, and paranitrophenol is excreted in 
the urine as a result of enzymatic hydrolysis by the tissues. This test was simplified 
by Waldman and Krause * and was used by Lieben, Waldman, and Krause in ani- 
mal experiments.* 

Industrial Hygiene Physician, Bureau of Industrial Hygiene, Connecticut State Department 
of Health (Dr. Lieben); Principal Biochemist, Bureau of Laboratories, Connecticut State 
Department of Health (Dr. Waldman), and Assistant Biochemist, Bureau of Laboratories, Con- 
necticut State Department of Health (Mr. Krause). 

1. Schaefer, R. A.: Three Years of Study on Organic Phosphate Insecticides Builds Bul- 
wark of Protection for Makers and Users, Occup. Health 12:35-36 (March) 1952. 

2. Mountain, J. T.; Zlotolow, H., and O'Connors, G. T.: Determination of Paranitrophenol 
in Urine in Parathion Poisoning Cases, Indust. Health Month. 11:88 (June) 1951, 

3. Waldman, R. K., and Krause, L. A.: A Rapid Routine Method for Determination of 
Paranitrophenol in Urine, Occup. Health 12:37-38 (March) 1952. 

4. Lieben, J.; Waldman, R. K.. and Krause, L.: Urinary Excretion of Paranitrophenol 
Following Parathion Exposure, A. M.A. Arch. Indust. Hyg. 6:491 ( Dee.) 1952. 
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During the summer of 1952, some 400 urine examinations for paranitrophenol 
excretion were made in the Bureau of Laboratories of the Connecticut State 
Department of Health. The urine specimens were obtained from 34 persons 
exposed to parathion in the course of their occupation. The exposed group included 
4 airplane pilots; 23 school boys, aged 14 to 16, employed as tobacco pickers ; 
2 greenhouse operators; + orchard sprayers, and 1 mixer. Various schedules, 
such as spot samples, three-day morning specimens, and a three-week follow-up, 
were used, 

GROUP I—AIRPLANE SPRAYERS 

The Connecticut State Department of Health issues licenses for insecticide 
spraying from aircraft. Two firms are engaged in organic phosphate insecticide 
spraying of shade-grown tobacco in Connecticut. One is a Florida company employ- 
ing three pilots. The other is a local company employing one pilot. The three 
Florida pilots had used parathion prior to arriving in this state. A solution of 1% 
parathion is used for spraying. The mixer (A. B.) who prepared the solutions for 
application is included in this group. 


Airplane Sprayers 


Micrograms of Paranitrophenol per 100 MI. of Urine 


August 
7 


Table 1 gives the results of the urinary paranitrophenol determinations and the 
dates on which the urine was excreted. It was first planned to obtain weekly urine 
samples from this group. However, owing to various factors, such as poor spraying 
weather and irregular spraying schedules, urine samples were not obtained at 
regular intervals. 

In this group, A. B., the mixer, an 18-year-old boy, had repeatedly been 
warned to wear protective clothing during the mixing operation. Protective cloth- 
ing in our opinion consists of full face mask, coveralls, gloves, and boots. However, 
on two occasions he was found mixing stripped to the waist, with only gloves and 
mask as protection. When seen on July 21, he complained of abdominal pain, ano- 
rexia, nausea, fatigue, and general malaise. His physical examination revealed 
pupils unequal in their reaction to light and accommodation. On abdominal exam- 
ination, there was slight spasm over the right lower quadrant. Apart from these 
two findings, no other objective signs were elicited. Blood counts on July 21 and 
22 were normal. Direct questioning revealed that the patient had noticed muscular 
twitchings of the eves, legs, and forearms. He was told not to return to work. 
Symptoms persisted for one week. 

Table 1 shows that his paranitrophenol excretion was 40 y per 100 ml. on July 16 
and 47 y on July 21. His paranitrophenol excretion gradually decreased to 0 on 
July 30. He was allowed to return to work on Aug. 2, telephone contact having 
been maintained and there being no further symptoms after July 28. 
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Taste 1—Urinary Paranitrophenol Determinations 
July 
Subject 7 16 21 bo 23 24 28 30 20 
12 40 47 10 12 18 0 12 
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Our cholinesterase determinations in this case were unsatisfactory because of 
technical difficulties. 


There were no cases of illness among the pilots. 


No attempt is made to theorize whether or not the mixer actually had parathion 
poisoning. His work history, his carelessness, and his paranitrophenol excretion 
led us to treat him for parathion poisoning. However, we fully realize that a num- 
ber of other conditions might have given rise to a similar picture. From animal 
experiments * and from the series of cases described below, we may theorize that 
his paranitrophenol excretion may have been higher on the intervening days 
between tests. 

GROUP II—ORCHARD SPRAYERS 

Many apple and peach orchards in this state are power sprayed with a solution 

of 1 to 4% parathion at regular intervals. Table 2 gives the results of tests on 


spot samples of urine obtained from four sprayers and on a three-day morning 


Taste 2.—Urinary Paranitrophenol Determinations Among Orchard Sprayers 


Micrograms of 
Paranitrophenol 


Subject per 100 MI. of Urine 


Taste 3.—Urinary Paranitrophenol Determinations for Two Greenhouse Operators 


Micrograms of Paranitrophenol per 100 MI. of Urine 


Subject 23 


12 
14 


sample obtained from a fifth spraver. All the sprayers did their own mixing and 
wore protective clothing and masks during mixing, but they were occasionally 
found not wearing their masks while engaged in spraying. There was no history 


of symptoms attributable to parathion in any member of this group. 


GROUP I1I—GREENHOUSE OPERATORS 

Two brothers, managing a greenhouse, had five urine samples examined over 
a period of nine days (Table 3). Both were engaged in spraying their greenhouse 
with aerosol parathion bombs on July 12 and July 22. Protective clothing and 
masks were worn during the spraying operations. However, S. G. admitted that 
he did not wear gloves on entering the greenhouse one hour after spraying to open 
the windows. Both brothers handled plants within 12 hours after spraying. No 
symptoms attributable to parathion occurred in this group. 


A 
July 
30 
30 0 0 0 0 
0 7 0 0 34 
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GROUP IV-—TOBACCO PICKERS 

In July and August, a large number of teen-age bovs and girls came to this 
state for employment in the harvesting of tobacco. The boys and girls were housed 
in camps under the supervision of teachers who acted as camp directors. These 
youngsters worked in the tobacco fields six days a week, eight hours a day. The 
group studied was employed in the harvesting of shade-grown tobacco. This tobacco 
is grown under muslin tents, and the plants reach a height of 8 ft. The youngsters 
are hired to work in the tents, moving around among the plants and handling the 
leaves in harvesting as in Figure 1. 


Company \ used one of the previously studied airplane spraying firms to spray 


its tobacco fields with 1% parathion in water. Air samples taken by our chemists 


Fig. 1.—Boy picking tobacco leaves. 


after the spraying of the fields showed concentrations of less than 0.05 mg. of para- 
thion per cubic meter of air one to two hours after spraying. This concentration is 
not regarded as tonic. 

While making a routine inspection of the medical-nursing facilities of the 
youths’ farm work camps, it was learned that an outbreak of illness had occurred 
in one of the camps the night of Aug. 7. The signs and symptoms of this illness 
were those commonly found associated with food poisoning or ascribed to virus 
infections. Of the 52 boys in the camp, 15 were ill enough to be absent from work 
on Aug. & while 5 others, although complaining of nausea, had reported for work. 
In the other nearby camps, investigation revealed that no similar illness had 
occurred. Since the group of ill boys were exposed to parathion, it was felt that 
paranitrophenol investigations would be of interest 
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The fields in which the above-mentioned group worked were sprayed on Aug. 2 
and again on Aug. 15 with a solution of 1% parathion from aircraft. Examination 
of leaves for parathion two days and six days after spraying showed the presence 
of parathion residue. It rained heavily on Aug. 5 and 6. The boys, contrary to 
instructions, worked in their bathing suits. The close proximity of the tobacco 


ants, as seen in the picture of a tobacco picker, gave ample opportunity for skin 


Taste 4.—Cholinesterase [ctivity of Red Cells and Plasma of Five Tobacco Pickers 


Plasma Red Cells 
Subject Activity, % Activity, % 


112.8 95 


110.7 95.3 


110.7 


TasLe 5.—Urinary Excretion (Micrograms per 100 M1.) of Paramtri 


Group of Boys Exposed (Not Ill) as Result of Spraying on Aug. 2 and Aug. 
Aug 
Subject Age 11 12 13 17 Is 2 2 24 26 


Left for home 


for home 
1? ‘ 
12 


Left tor home 


11 


* Blood cholinesterase levels taken 


contact. From the wet leaves clothing and skin could become soaked 10 minutes 
after starting work. This water may have contained parathion from the plants. 

In view of this work history, on .\ug. 8 urine samples were obtained from the 
15 ill boys and from 8&8 boys who were not ill. The boys were closely observed by 
means of urinary examinations, until they left for their homes on Aug. 29. In 
addition, five blood samples were obtained for cholinesterase determinations from 
three boys in the ill group and from two boys in the group not affected. These 


determinations were done at the laboratory of the American Cyanamid Company, in 


ij 
15 
1] 22 20 l4 12 2 7 0 6 0 0 
Group of Ill Boys 
J. B Is 12 12 10 % 11 7 9 7 9 7 5 5 
It 0 Zé 7 12 12 2 4 5 7 
0 7 17 M4 23 9 7 7 12 6 0 
UC. W lo s 20 22 21 12 ll 10 
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Linden, N. J., through the courtesy of Dr. J. H. Wolfsie. Table 4 gives the results 
of the determinations of the cholinesterase activity of red cells and plasma. 

Table 5 gives the paranitrophenol values in morning samples of urine from 
Aug. 8 to Aug. 29. The first group of 8 persons were not ill at the outbreak ; the 
other 15 were ill during the outbreak. The paranitrophenol excretion values in the 
ill boys and in those who were not ill differ only slightly, but it should be empha- 
sized that those not affected had presumably had exposures comparable to those 
who were ill. The cholinesterase levels of both groups did not suggest any degree 
of parathion poisoning. Figure 2 gives the average paranitrophenol excretion of 
the two groups. 


© contro. croup 
it croup 


PER 100 CG, OF URINE. 
> @ 


RANITROPHENOL 
@ w 


3 
<2 
« 
« 
2 
z 


13 14 16 7 18 20 2t 23 24 26 27 28 29 
DATES AUGUST 1952 


Fig. 2—Average paranitrophenol excretion of control group (white columns) and of boys ill 
trom exposure to parathion (black columns ). 


COMMENT AND CONCLUSIONS 

Persons handling parathion without adequate protective clothing will excrete 
paranitrophenol in their urine. 

The excretion of paranitrophenol varies considerably from day to day, and mul- 
tiple urine spec’™ens are needed to get an idea of the maximum excretion. 

Up to 40 y per 100 ml. of paranitrophenol may be present in a given sample of 
urine without symptoms of poisoning. 

Paranitrophenol excretion continues for a considerable length of time after ter- 
mination of exposure to parathion. 

Paranitrophenol excretion reaches very low levels two weeks after exposure. 

There may be a normal cholinesterase activity with substantial excretion of 
paranitrophenol. 

Paranitrophenol is excreted within 24 hours in the urine even after minimal 
absorption of parathion. 
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ANTIMONY POISONING IN INDUSTRY 


LUCIAN E. RENES, M.S. 
LITTLE ROCK, ARK. 


N INCREASE in the number of visits to the plant physician for occupational 
illness was observed at an antimony smelter located in a western state. Sub- 
sequent study of the operations appeared to indicate that the illnesses were due 
primarily to antimony fumes and possibly to arsenic. .\ review of the literature, 
both American and foreign, reveals only a few reports ascribing industrial poisoning 
to inorganic antimony. Moreover, some of the observations and conclusions in 
these reports are conflicting. In addition, no published data were found describing 
the occupational environment in which poisonings from antimony oxide have 


occurred. For these reasons, a report of the investigation is presented, showing 


the character of the environmental exposures and the effects upon the health of 
the workers. 

The illnesses occurred among employees of a mining company engaged in the 
mining, concentrating, and smelting of an antimony sulfide ore. The ore was mined 
and crushed at the mine site, then transported to the concentrating mill where the 
metallic sulfides were concentrated and the siliceous material discarded. ‘The con- 
centrated ore was put through a roasting process to convert the sulfides to oxides. 
To avoid loss of metallic oxides during roasting, the waste gases were put through 
a collecting system which retained the metallic fume. Periodically, the fume was 
cveled through the smelting operations to recover antimony. ‘The calcined ore from 
the roaster building was conveyed to the smelter building, where it was reduced 
to metallic antimony, then refined and converted to the final product. 

The illnesses were found among workers engaged in the smelting operations 
and among maintenance workers who spent a substantial part of their time in the 
smelter building. One roaster building worker also became ill, but it was found 
that he had been employed a large part of the time at the smelting operations. The 
illnesses began to occur soon after the initial operation of the smelter and continued 
more than a year and a half, during which period equipment was redesigned and 
other corrective measures were taken. Medical examinations and treatment of the 
workers were performed by Dr. J. D. Mortensen, the plant physician, who recorded 
and periodically analyzed his observations and laboratory findings. As an aid in 
the interpretation of the environmental data, Dr. Mortensen made available the 
results of the first five months’ 


observations. 


Mr. Renes is Senior Sanitary Engineer with the Public Health Service, Federal Security 
Agency, and is currently Acting Director of the Division of Industrial Health of the Arkansas 
State Board of Health. 
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ILLNESSES AMONG WORKERS 


During the first five months of operation, there were 78 men who had worked 
two weeks or longer in the smelter building. Sixty-nine of these emplovees made 
218 visits to the plant physician for reasons of occupational illness. The frequency 
of various types of injuries observed each month was relatively constant, seemingly 
indicating a uniform exposure to some agent that was constantly present in the 
environment. With increasing length of employment in the smelter, there was a 
progressive increase in the number of severer injuries. This observation was 
particularly evident in regard to the increasing numbers of nasal septal perforations 
and cases of laryngitis, tracheitis, and pneumonitis. The following tabulation is a 
percentage distribution of the diagnoses made by the physician during the first 
five months. 


Per Cent of Per Cent of 
Case Workers “ase Workers 

Bronchitis 

Conjunctivitis 

Dermatitis. 

Secondary sinusitis 
Septal perforations 

Laryngitis Tracheitis 

Chest x-rays were taken of six men who were acutely ill from heavy exposures 
(2 to 12 hours) to smelter fumes. Without exception, the x-rays showed definite 
pneumonitis extending fanwise from each hilus. There was no evidence of periph- 
eral parenchymal pulmonary damage. Removal of the men from exposure and 
treatment with penicillin aerosols quickly alleviated the distressing symptoms. 

There developed among certain workers who had heavy exposures to smelter 
fumes seemingly systemic toxic effects, such as abdominal cramps, diarrhea, vomit- 
ing, dizziness, nerve tenderness and tingling, severe headaches, and prostration. 
Seven of nine workers so affected excreted antimony in their urine in quantities 
ranging from traces up to 60 mg. on the basis of 100 ce. of fluid. The urine sample 
containing the exceptionally high antimony value of 60 mg. per 100 ce. of fluid 
was heavily discolored with albumin and was obtained from a worker who was 
severely ill. Another patient showed a slight amount of arsenic in his urine. 
Removal from exposure for several days and symptomatic treatment of the patients 
provided relief. 

Laryngitis, with voice changes among affected workers, ranged from hoarseness 
to aphonia. In each case of laryngitis, there were erosions or ulcerations on the 
vocal cords. Relief was provided by penicillin preparations. Healing followed 
removal from exposure. 


The dermatitis which developed among the workers was observed in sweaty, 


hairy, friction areas, such as axillae, groin, and back of the neck. These were 
nodular ulcerative lesions. The occurrence of dermatitis was sporadic. The relatively 
high frequency indicated by the above percentage is misleading in that most of the 
cases occurred during one week in the second month of operation, presumably after 
the workers had been very heavily exposed to fumes. 

The subjective symptoms experienced by the workers are of interest, since, on 
the whole, the workers were said to complain less than the objective findings 
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appeared to warrant. Soreness and bleeding of the nose were experienced by more 
than 70% of the workers. Sore throat, hoarseness, burning or redness of the eyes, 


metallic taste in the mouth, pain in the chest, headache, and shortness of breath were 


the second most frequent complaints and were noted by about 25(7 of the workers. 
About 10% of the subjects complained of loss in weight, nausea, vomiting, diarrhea, 
inability to smell properly, and tightness in chest. Less frequent complaints were 


spitting of blood, abnormal urination, abdominal cramps, muscle soreness, insomnia, 


and blurred vision. 


THE SMELTER ENVIRONMENT 


A schematic layout of the smelter building in which the illnesses occurred is 
illustrated in the Figure. The calcined ore, to which slagging agents had been added, 


was reduced in the electric furnace to a molten state, and the slag was drawn off 


into a concrete pit containing water. Leriodically, waste fume which consisted 


mainly of arsenic with small amounts of antimony was recycled, with slagging 
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Schematic drawing of the smelter. 


agents, through the electric furnace to recover the antimony. The crude antimony 


from the electric furnace was then discharged into a small reverbatory furnace 


(cupel) in which preliminary refining took place." From that operation the molten 


metal was transferred in large “bull” ladles to the final refining cupels, converting 
cupels, bullion cupels, and metal granulating tank. Operation of the reducing cupel 
was infrequent. The final product, antimony tetraoxide, was sacked at the indicated 


location. The wavy line drawn across the sketch was introduced merely to indicate 


two different exposure areas, designated as Zone \ and Zone B. Differences in 


the environment of the two zones will be explained in the section showing the 


antimony-arsenic exposures, 


The first survey was made during the sixth month of smelter operation. Visual 


inspection of the smelter environment showed gross contamination of the air with 


dust and fumes which were escaping from the many different operations. A few 


1. Cupellation is the oxidizing fusion of lead that contains silver and gold in order to 


remove the base metal entirely. 


= 
| | 


102 INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


of the workers wore mechanical filter-type respirators for protection against the 
air contaminants. Since lunches were eaten at the boarding house, ingestion of 
poisonous materials could be ruled out as an important mode of absorption. To 
identify the constituents of the various materials handled and produced by the 
operations in the smelter, representative samples were subjected to chemical analysis. 

The percentage concentrations of the hygienically important constituents present 
in these materials are shown in Table 1. The remainder of the constituents for 
each of the materials listed consisted of mixed silicates of sodium and magnesium, 
a small amount of iron oxide, and also the oxygen which had been chemically 
combined with the various elements listed. 

It was presumed that only antimony and arsenic would be present in appreciable 
amounts in the air-borne materials. This conclusion was confirmed by complete 
spectroscopic examination of air-borne dust and fume samples collected in the 
smelter which showed the presence of only antimony, arsenic, iron, magnesium, 
silicon, and sodium. 

From the nature of the operations in which the air-borne contaminants were 
evolved, it seemed logical to assume that the arsenic and antimony existed as oxides. 


Concentration of Constituents (Calculated as the Element) in per Cent 


Gross Material or Substance Antimony Arsenic Selenium ‘Tellurium Lead Beryllium Copper 


None O4 
None O.4 
None 0.1 


Dross from iron refining cupel.... 67.6 4.1 0.04 None 0.28 
Dross from arsenie refining cupel.. 69 2. 0.03 None 0.30 
Ore concentrate 3.6 O01 None O04 
Settled fume collected from over- 


head pipes and beams 35. 5.4 0.12 None O15 None 0.2 


Subsequently, the molecular structure of arsenic trioxide was identified in the fume 
by x-ray diffraction analysis. To identify further the character of the air-borne 
contaminants, clean glass slides were exposed to the fresh fumes being evolved 
from several of the operations. Microscopic examination using an 1.8 mm., oil 
immersion objective and a filer micrometer showed most of the particulate material 
to be less than 1 yp in size. 


The possibility of exposures to the hydrides of arsenic and antimony (arsine 


and stibine) was considered, and tests for these agents were made by appropriate 


means. No arsine or stibine was detected arising from any operation, even at the 
electric furnace slag granulation in which arsine and stibine formation was con- 
sidered to be easily possible. Hydrogen sulfide, indicative of the reducing character 
of the chemical reaction, was produced at this operation. The slag granulating pit 
was ventilated by a mechanical exhaust fan which controlled the potential hazard 
from these gases. 

Tests for total alkalinity were taken at the specific cupel operation in which 
caustic soda was employed in refining the antimony metal. The levels of alkalinity 
were 12, 60, and 64 mg. (calculated as sodium hydroxide) per cubic meter of air. 
These exposures were brief and occurred twice during a shift. Current information 
regarding the effects of caustic alkalines indicates that these exposures served to 
intensify the acute upper respiratory irritation experienced by certain cupel area 
workers. 


Tas_e 1.—Constituents of Hygienic Significance Present in Smelter Materials 
| 


Zone 


Electric furnace area Breathing zone samples 12 0.92-70.7 12 


Zone 


Cupel area Breathing zone samples 1.19-42.40 


RENES—ANTIMONY POISONING IN INDUSTRY 103 


One further consideration which could not be technically explored by the investi- 
gators should be mentioned. The action of caustic soda on antimony and arsenic 
at one of the refining cupels might be expected to form sodium antimonate as well 
as sodium arsenate. The relative solubility and toxicity of the antimonate, as 
compared with those of the antimony oxide fume, are not known. However, it is 
unlikely that this one operation could contribute an appreciable amount of anti- 
monate to the gross amount of air-borne fume which was evolved in the smelter 
by the many operations. 

ANTIMONY-ARSENIC EXPOSURES 

Air samples were collected with an electrostatic precipitator, except for the first 
17 samples which were obtained with the Greenburg-Smith impinger apparatus. The 
arsenic-antimony levels obtained by both instruments were compared with the use 
of samples obtained at the same location and operation. There were no marked 
differences among the results. Possibly, the gross contamination of the environ- 


TasLe 2.—Air-borne Antimony-Arsenic Concentrations in Smelter Building 
(First Survey) 


Mg. of Antimony Mg. of Arsenic 


per Cubie Meter of Air per Cubie Meter of Air 


Average Average 


Range of Zone Range of Zone 
Environmental No. of Concen- Concen- No. of Concen- Coneen- 


Work Area Type of Sample Samples tration 
A 


0.04-4.66 
10.07 
General room samples 4 0.40- 3.43 } 3 0.13-1.93 


B 


0.05-1.45 


11.81 
J 


General room samples . 0.91-22.90 0.02-1.59 


ment and the use of an acid-collecting medium contributed to the high sampling 
efficiency of the impinger apparatus. Aliquot portions of each sample were analyzed 
for arsenic and antimony by both chemical * and spectroscopic means. Results 
obtained by both methods of analysis did not vary from each other by more than 
plus or minus 2%. 

Information received from management, workers, and the plant physician indi- 
cated that conditions at the time of the survey were substantially the same as during 
the previous five months. From a study of the processes involved in the smelting 
and from the medical observations, it appeared reasonable to separate the smelter 
into two environmental work areas, namely, the electric furnace area and the cupel 
area. In each area the workers would have some type of average exposure to the 
antimony-arsenic levels found in their respective environment. 

Table 2 shows the antimony-arsenic exposures found during the first survey. 
The antimony levels are seen to be about equally high in both the electric furnace 
area and the cupel area. 


2. Sandell, E. B.: Colorimetric Determination of Traces of Metals, in Chemical Analysis: 


A Series of Monographs on Analytical Chemistry and Its Applications, New York, Interscience 
Publishers, Inc., 1944, Vol. 3, p. 136. Fredrick, W. G.: Estimation of Small Amounts of 
Antimony with Rhodamine B, J. Indust. & Engin. Chem., Analyt. Ed. 13:922, 1941. 


On the other hand, the arsenic exposures in the cupel 


tration Samples tration tration 


7 — 
0.36 
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area were only about one-third as high as the arsenic levels in the electric furnace 
area. .\ more important fact is that the average of all antimony levels was 10.8 mg. 
per cubic meter of air, as compared with an average of 0.73 mg. per cubic meter 
of air for all arsenic exposures. 

A second survey was made approximately one vear later, after numerous correc- 
tive measures had been made. It was then observed that a heavy generalized 
contamination, caused by certain operations for which satisfactory control methods 
had not been designed, existed for perhaps 50% of the time. This heavy con- 
tamination was reflected in the continuing occurrence of severe illnesses. Results 
of the second survey are shown in Table 3. The average antimony exposures were 


3.—Air-borne Antimony-Arsenic Concentrations in Smelter Building 
(Second Survey) 


Me. of Antimony Mg. of Arsenic 
per Cubie Meter of Air per Cubie Meter of Air 


Average Average 
Range of Zone Range ot Zone 
Environmental No. of Concen- Concen- No. of Concen- Concen 
Work Area Type of Sample Samples tration tration Samples tration tration 
Zone A 
Electric furnace area Breathing zone samples 2 } , 1.20 
General room samples 0.01-0.33 
Zone B 
Cupel area Breathing zone samples 3.30-17.60 0.08-8,.10" 
| 


General room samples 0.23-37.00 } O.O1-2.10 


* This value was not included in the zone average, because it resulted from an unusual and noneontinuous step in the 
process. 


Taste 4.—Per-Cent Distribution of Antimony and Arsenic Concentrations 


Concentration Range in Mg. per Cubie 
Meter of Air 


A 
Substance O.01-0.49 5.0 and Above 

Antimony AG 39% 

Arsenie 71% 27% 2% 


of the same high order of magnitude in both areas of the smelter. However, the 
average arsenic levels of the electric furnace area were almost twice the average 
concentration of arsenic in the cupel area. The important fact revealed was that 
the average of all the antimony exposures per cubic meter of air was 6.81 mg., as 
compared with a value of 0.54 mg. for all the arsenic values. 

To compare further the antimony levels with the arsenic levels, the data from 
both surveys were arranged according to magnitude of concentration. The results 
are illustrated in Table 4. 

It is apparent from this table that higher exposures to antimony occurred more 
frequently than higher exposures to arsenic. As a matter of practical interest it 
is worth while to point out that a level of 0.5 mg. per cubic meter of air had been 
adopted by the American Conference of Governmental Industrial Hygienists as 
a threshold guide in establishing engineering controls for both arsenic and antimony 
exposures, Only abont 30% of the arsenic values exceeded the value of 0.5 mg 
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per cubic meter of air, whereas 93% of the antimony values exceeded the value of 
0.5 mg., indicating poor control of the antimony fumes. 

It is of interest to compare the antimony-arsenic levels observed in this smelter 
with published data obtained in other studies. In the study of Utah smelters * 
the concentration of atmospheric antimony at such operations as ore roasting, lead 
casting, flue cleaning, and baghouse repair work was reported as ranging from 0.05 
to 13.0 mg. per cubic meter of air, with less frequent occurrence of the higher values. 
Atmospheric arsenic concentrations at such operations as roasting, sintering, furnace 
operation, flue cleaning, baghouse repairing, and arsenic furnace operation were 
reported as ranging from less than 0.01 up to 95.6 mg. per cubic meter of air. 
Environmental data for the arsenic workers examined by Dunlap * are not reported. 
However, it is reasonable to assume that such arsenic exposures had been as high 
as those reported in the Utah smelters, since engineering dust-control measures 
were probably not as well developed and applied 30 years ago as they are at present. 


REPORTED TOXICITY OF ANTIMONY 

According to Goodman and Gilman, symptoms of acute and chronic antimony 
poisoning are similar to those caused by arsenic. However, antimony produces 
more rapid irritation of the bowel, and therefore emesis is more prominent. Thera- 
peutically, doses can be selected to produce only vomiting. “A frequent sequel of 
antimony administration is pneumonia, which is a definite reaction to the tartrate 
drug and not a complication.” Pains in joints and muscles are common complaints. 
Further reactions are headache, fainting, and apnea. On local application, antimony 
is more irritant than arsenic. Antimony is rapidly eliminated from the body, 
generally in two to three days. Symptoms of poisoning disappear when elimination 
is completed. 

Fairhall and Hyslop® have prepared a review of reported industrial antimony 
poisoning and experimental studies. Reports of industrial intoxication are rare, 
probably because of the small use of antimony. Oliver * studied the health of workers 
exposed to antimony trioxide and observed the exposures to be severe. Fecal excre- 
tions of antimony varied from 10 to 98 mg. per person, but except for a small patch 
of irritation in two men the workers enjoyed good health. Chronic antimony 
poisoning in typesetters was reported by Schrumpf and Zabel * and was described 


by a variety of signs and symptoms, including dermatitis, irritability, fatigue, 


neurologic pain in arms and legs, loss of appetite, and gastrointestinal disturbances. 

3. The Working Environment and the Health of Workers in Bituminous Coal Mines, Non- 
Ferrous Metal Mines, and Non-Ferrous Metal Smelters in Utah, U. S. Public Health Service, 
National Institutes of Health, Division of Industrial Hygiene, and Utah State Board of Health, 
Federal Security Agency, Public Health Service, 1949. 

4. Dunlap, L. G.: Perforations of the Nasal Septum Due to Inhalation of Arsenious Oxide, 
J. A. M. A. 76:568, 1921. 

5. Goodman, L., and Gilman, A.: The Pharmacological Basis of Therapeutics: A Textbook 
of Pharmacology, Toxicology, and Therapeutics for Physicians and Medical Students, New York, 
The Macmillan Company, 1943. 

6. Fairhall, L. T., and Hyslop, F.: The Toxicology of Antimony, Pub. Health Rep., Supp. 
195, Federal Security Agency, Public Health Service, 1947. 

7. Oliver, T.: The Health of Antimony Oxide Workers, Brit. M. J. 2:1094, 1933. 

8. Schrumpf, P., and Zabel, B.: Klinische und experimentelle Untersuchungen uber die 
Antimonvergiftung der Schriftsetzer, Arch. exper. Path. u. Pharmakol. 63:242, 1910, Miinchen. 
med. Wehnschr. 57:1156, 1910. 
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The clinical picture showed leucopenia and lowered blood pressure. Fifteen to 
20° of the workers showed such illness. Feil * studied 15 workers in the antimony 
smelters of France and found among them seven active cases of rash. Additional 
signs noted were conjunctivitis, anemia, and tracheitis. Chronic antimony poisoning, 
as described by Gocher,'’ was characterized by occipital headache, dizziness, oppres- 
sion in chest, and muscular pains. Animal experimentation by Bradley and Fred- 
rick '' showed liver and kidney damage after intraperitoneal injection of inorganic 
antimony compounds. Inhalation experiments by Nau‘? on small animals using 
antimony trioxide fume resulted in inflammation and hemorrhages in the lungs as 
well as fatty degeneration of the liver and spleen. 

Possibly, an explanation for the conflicting observations on human exposures 
to antimony would suggest itself if there were more exact knowledge about the 
character of the exposures. Solubility and toxicity of many substances are now 
known to be closely related to such physical properties as particle size. This view 
was taken into account by Bulmer and Johnston,'* who studied several workers 
exposed to antimony trisulfide dust. Although the air contamination was gross, the 
workers appeared to suffer no ill effects. Examination of the blood and urine 
indicated no absorption of antimony sulfide dust, but it was concluded that the 
situation might be different if the exposure were to fumes of much smaller particle 
size than dust. 

Some skepticism has been expressed as to whether true antimonial poisoning 
has been observed among workers, because arsenic is often associated with antimony 
in industrial processes. Such skepticism cannot be ignored, since arsenic resembles 
antimony in its action on the skin and mucous surfaces and, as reported by 
Johnston,"* is volatilized into the air in much greater amounts than antimony over 
the same temperature range. 


REPORTED TOXICITY OF ARSENIC 

Again, according to Goodman and Gilman,® early symptoms of chronic arsenic 
poisoning are weakness, languor, loss of appetite, occasional nausea and vomiting, 
and diarrhea or constipation. As poisoning progresses, the symptoms become more 
definite and characteristic. There is catarrhal inflammation of the nose and throat, 
with stomatitis and salivation. The commonest characteristic signs and symptoms 
which occur early are increased pigmentation on the neck and eyelids and in the 
axillae, keratoses of the palms and soles, loss of hair and nails, and selective edemas 
of ankles and eyelids. One other sign is a garlic-like odor of the breath and 
perspiration, Unlike antimony, arsenic is stored in the body, principally in the vis- 
ceral organs, and is excreted slowly long after cessation of absorption. Chronic 
poisoning is difficult to treat, and the symptoms are long lasting. 

9. Feil, M. A.: Le role de l’antimoine en pathologie professionnelle: Résultats d'une 
enquete dans une fonderie d’antimoine, Presse méd. 47:1133, 1939. 

10. Gocher, T. E. P.: Antimony Intoxication, Northwest Med. 44:92, 1945. 

11. Bradley, W. R., and Fredrick, W. G.: The Toxicity of Antimony, Indust. Med., 
Indust. Hyg. Sect. 2:15, 1941. 

12. Nau, C. A.; Dernehl, C. U., and Sweets, H. H.: Animal Studies on the Toxicity of 
Inhaled Antimony Trioxide, J. Indust. Hyg. & Toxicol. 27:256, 1945. 

13. Bulmer, F. M. R., and Johnston, J. H.: Antimony Trisulfide, J. Indust. Hyg. & Toxicol. 
30:26, 1948. 

14. Johnston, J.: The Vapor Pressure and Volatility of Several High-Boiling Metals: A 
Review, J. Indust. & Engin. Chem. 9:873, 1917. 
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Perforation of the nasal septum and dermatitis from industrial exposure to 
arsenic are said to be common. Dunlap?‘ treated nasal septal perforations in 75 
workers exposed to arsenic oxide dust and fume evolved from copper smelting 
and arsenic refining operations. Pharyngitis and low-grade laryngitis occurred 
frequently among the affected workers. Acute dermatitis was observed around the 
nares and other parts of the face. Persistent keratoconjunctivitis was also present 
among the men. There were no gastrointestinal disturbances, and all the workers 
presented local and not systemic effects. 

Only few reports showing environmental exposures to arsenic appear in the 
literature. Orchardists '° exposed to dusts and fumes of arsenic with levels as high 
as 26.1 mg. per cubic meter of air showed only slight intoxication. 

Among pharmaceutical workers '* exposed to organic arsenic compounds (calcu- 
lated as arsenic trioxide) in levels not exceeding 0.6 mg. per cubic meter of air, only 
the slightest signs of poisoning were detected. Studies of nonferrous smelter workers 
in Utah * showed environmental arsenic exposures ranging from 0.01 to 95.6 mg. 
per cubic meter of air at various smelting operations. Concurrent antimony 
exposures were reported as ranging from 0.05 to 13.0 mg. per cubic meter of air. 
Except for the nasal septal perforations found among older workers, none of the 
upper respiratory irritations and gastrointestinal symptoms and the few neurological 
signs could be attributed to the arsenic or antimony exposures. 


REPORTED TOXICITY OF CAUSTIC ALKALIES 

The caustic alkalies '? in solid or concentrated liquid form have a more corrosive 
local action on tissues than do most acids. Strong caustic dusts, mists, and sprays 
may cause irritation of the eyes and respiratory tract and erosion of the nasal 
septum and may produce deep and painful destruction of tissue. When first 
encountered, atmospheres contaminated with alkalies may be irritant, but the effect 
soon becomes less noticeable. Judging from the irritant effects, a value of 2 mg. 
of alkali (calculated as sodium hydroxide) per cubic meter of air is noticeably but 
not excessively irritant. 

COMMENT 

The illnesses which occurred in this antimony smelter symptomatically resemble 
industrial antimony poisoning, as described in the literature, in respect to upper 
respiratory irritations, pulmonary inflammation, systemic reactions, and skin lesions. 
The presence of antimony in the urine of certain patients who were ill was indicative 
of antimony absorption. In addition, the rapid symptomatic recovery on withdrawal 
from exposure to the smelter atmosphere appears to correspond with the rapid 
recovery from the therapeutic administration of antimony compounds. The animal 
studies of Bradley and Fredrick,'' as well as those of Nau '? have demonstrated the 
ability of inorganic antimony compounds to produce kidney and liver damage and 
pulmonary inflammation, which effects were observed among the smelter workers. 

15. Neal, P. A., and others: A Study of the Effect of Lead Arsenate Exposure on Orchardists 
and Consumers of Sprayed Fruit, Pub. Health Bull. 267, Federal Security Agency, Public 
Health Service, 1941. 

16. Watrous, R. M., and McCaughey, M. B.: Occupational Exposure to Arsenic in Manu- 
facture of Arsphenamine and Related Compounds, Indust. Med. 14:639, 1945. 

17. Patty, F. A., Editor: Industrial Hygiene and Toxicology, New York, Interscience 
Publishers, Inc., 1949, Vol. 2, p. 557. 
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Arsenic compounds also produce symptoms of poisoning resembling those due 
to antimony. However, none of the commonest early signs of arsenic intoxication, 
such as increased pigmentation of certain skin areas, keratoses of the palms and 
soles, loss of hair and nails, garlic-like odor of the breath and perspiration, or 
swelling of the ankles, was reported among these workers. Only one of the patients 
showing systemic disorders was eliminating a small amount of arsenic in his urine. 
Exposure to metallurgical arsenic fumes and dust '* of equal or possibly greater 
concentration than that observed in this smelter has been reported to cause nasal 
septal perforation, conjunctivitis, and dermatitis. Pulmonary inflammation and 
other systemic reactions have not been reported from these same exposures. 

The environmental data clearly reveal that antimony was the predominating 
aerial contaminant and that it was of such physical character as to make it easily 
respirable. .\ir-borne antimony concentrations greatly exceeded the arsenic con- 
centrations both in individual values and in average values. Whereas the average 
arsenic levels ranged from 0.39 to 1.10 mg. per cubic meter of air, the average 
antimony levels ranged from 4.69 to 11.81 mg. per cubic meter of air. 

Of particular note is the higher average level of arsenic in the electric furnace 
area, as compared with that in the cupel area. The greater combined exposure of 
the electric furnace area workers was not reflected in the occurrence of any more 
intense or larger numbers of illnesses in that area. The number of operators, as 
well as the number of illnesses, was about the same for each area of the smelter. 

There is no available information that caustic alkalies would cause illness with 
symptoms resembling those which were observed among the smelter workers. How- 
ever, in view of the known corrosive properties of the caustic alkalies, it is con- 
ceivable that the presence of caustic soda in the air of the smelter could have 
intensified the upper respiratory irritations experienced by the workers. 


SUMMARY 


During five months of an antimony smelter operation, there developed among 
the workers 69 cases of illness from exposure to metallurgical fumes. Antimony, 
arsenic, and caustic soda were present in the air of the smelter, but antimony was 
the predominating aerial contaminant. The illnesses resembled industrial antimony 
poisoning, as described in the literature, in almost every respect, whereas most of 
the characteristic signs and symptoms of arsenic poisoning were lacking. In view 
of the available evidence, it appears that antimony was the causative agent of the 
illnesses observed. 


The study of antimony and arsenic exposures reported here was made during the period when 
I was on assignment by the Public Health Service to the Idaho Department of Health. The 
cooperation of the mining company at whose smelter the illnesses occurred and the use of state 
facilities in making the study are gratefully acknowledged. Special appreciation is due Mr. 
Vaughan Anderson, chemist, Idaho Department of Health, who made chemical analyses of the 
air samples and assisted in the surveys, and Mr. Howard L. Burkhardt, engineer, Idaho Depart- 
ment of Health who assisted in making the first survey. Special acknowledgment is also made 
to the Division of Occupational Health, Public Health Service, in making trace analyses of 
raw materials and air samples by spectrographic and chemical means and to Dr. L. T. Fairhall 
of the Division for his advice in conducting the surveys. Full credit is given to Dr. J. D. 
Mortensen, plant physician who is currently with the Mayo Clinic in Rochester, Minn., for the 
medical observations on the affected workers. 
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SMALL RADIOACTIVE SPHERES FOR POSSIBLE USE IN MEDICAL 
OR BIOLOGICAL INVESTIGATION 


L. P. HATCH, S.M. 
 ¥. 


HE USE of radioactive gold in colloidal form in radiation therapy has 
brought about a considerable interest in the development of other radioactive 
particulates which might possess wider ranges of size, shape, and radiation char- 


acteristics. Whereas gold, both as the radioactive isotope \u'’* and as the stable 
carrier Au‘, is applied in the metallic form with complete chemical inertness to 
the physiological system, it may be possible to permanently incorporate a number 
of other elements, as well as the noble metals, into particulate substances which 
themselves are inert. These substances would simply serve as physical carriers 
of the radioactive elements. If this could be done, a wide range of possibilities 
with respect to particle size, shape, and radiation characteristics would be available. 

For the past three years an investigation has been under way at Brookhaven 
National Laboratory, in which the chief objective has been to bring about a com- 
bination of the elements produced in the fissioning of uranium with one of the 
stable substances of the earth, montmorillonite clay. This material, which is an 
end-product of the weathering of voleanic ash (an alumino-silicate), has a con- 
siderable capacity for adsorption by exchange of cations (roughly 1.1 mEq. per 
gram). It is a finely divided, whitish powder, with a particle size which appears 
to average around | or 2 ». On heating the material to about 900 C., it is found 
that ions already adsorbed on it become fixed and remain bound as part of the 
clay particle, as measured by contacting with other ionic solutions, such as sea 
water, for example. The purpose of the Brookhaven investigation is to develop 
a method suitable for final and permanent disposal of radioactive wastes from 
nuclear reactors. 

In the process of heating the montmorillonite clay by usual methods, the par- 
ticles become fused together, and all resemblance to the original particle size is lost. 
It is possible, however, to heat the particles separately by passing them in oxygen 
suspension through the flame of a special torch. .\ device’ for this purpose has 
been developed by Dr. W. S. Ginell and G. P. Simon, of the Brookhaven National 
Laboratory, and is described elsewhere. 

Dr. Hatch is with the Brookhaven National Laboratory. 
1. Patent pending. 
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If the radioactive element is adsorbed on the clay prior to heating in the torch, 
the end-product is a group of radioactive particles, now in the form of spheres, 
captured in a water impinger. The particle size is in relation to that of the original 
irregular particle. 

Thus far only a superficial test to check on the toxicity of the heat-treated 
spheres (without radioactivity) has been made, and there is no evidence that the 
radioactive product itself has any value as a therapeutic agent. It is possible, how- 
ever, that these small radioactive spheres, possessing chemical stability and offering 
a selection of particle size ( 1 to 10 ») and a wide choice of fixed isotopes, may 
prove to be of interest to those engaged in certain medical or biological investiga- 
tions. 

Reports on the Brookhaven waste-disposal investigation are included in ‘(Quar- 
terly Progress Reports” of the Brookhaven National Laboratory. 


OCCUPATIONAL HEALTH ACTIVITIES AND OBJECTIVES OF 
THE WORLD HEALTH ORGANIZATION 


MILTON |. ROEMER, M.D., M.P.H. 
AND 


OSWALDO L. DA COSTA, M.D. 
GENEVA, SWITZERLAND 


HISTORICAL BACKGROUND 


HE IMPETUS to the worldwide development of industrial medicine and 

of occupational health services has naturally been the occurrence of occupa- 
tional diseases. In the effort to prevent diseases specifically related to industrial 
or mining practices, industrial health and sanitation programs have been developed 
in many countries. 

To prevent occupational diseases and accidents, private industries have, in 
many instances, instituted special programs of safety and health protection which 
have been independent of legislative inducement. On a worldwide basis, however, 
special protective programs in the mines and factories have followed as the result 
of legislative stimulus, direct or indirect. Indeed, perhaps the most far-reaching 
welfare legislation of any type was embodied in the English Factory Acts of 1833. 

The early factory legislation of the various European nations induced industry 
to organize its working places so as to diminish accidents, improve lighting condi- 
tions and ventilation, limit working hours, and protect the health of workers 
in general. Some years later, the Workmen’s Compensation .\cts, first in Europe 
and then in America, provided strong additional inducements for the adoption of 
factory safety measures and also for the establishment of first-aid medical services 
in industrial plants. 

3oth the Factory Inspection Acts and the Workmen's Compensation Laws were 
naturally administered by governmental agencies concerned with industrial affairs. 
With this background, obviously programs of health service and safety in industry 
came in most countries under the jurisdiction of Ministries of Labor. This is the 
general rule today throughout Western Europe, where modern industry had its 
beginnings. The two earliest governmental programs of industrial health in the 
United States were developed in Massachusetts, where the first State Labor Bureau 


Read in the symposium on Industrial Medicine on the International Scene before the Section 
on Preventive and Industrial Medicine and Public Health at the One Hundred First Annual 
Session of the American Medical Association, June 11, 1952. 

Dr. Roemer was formerly Chief of the Social and Occupational Section of the World Health 
Organization; Dr. Da Costa is Chief of the Health Promotion Branch of the Pan American 
Sanitary Bureau, Regional Office of the World Health Organization. 
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was set up in 1869, and in New York State. Their period of origin is reflected in 
the fact that in these two states industrial hygiene administration is lodged in the 
State Department of Labor. 

As the more glaring defects of the industrial environment have come to be 
corrected in many countries and as the factors contributing to the total health of 
the industrial worker have come to be better understood, a change has occurred in 
the jurisdiction of governmental responsibility for occupational health. The change 
is seen most strikingly in the United States, the most highly developed industrial 
nation in the world, and in Canada. Here, with only a few exceptions, supervisory 
authority in the field of industrial hygiene has come to be lodged in the Departments 
of Public Health. 

In the newest of the industrial nations, Soviet Russia, where the entire system 
of health service was reorganized after the Revolution of 1917-1918, industrial 
health services have been made part of the general responsibility of the Commis- 
sariat of Health. And among nations with a new sense of their national destiny, 
like Egypt and Iran, one sees an interesting sharing of administrative responsibility. 
On the one hand, influenced by the precedent of the Western European powers, 
the Labor Ministries of these countries maintain factory inspection systems, while, 
on the other hand, with a broad conception of governmental responsibility for total 
health, their Health Ministries assume many responsibilities in carrying out the 
health and sanitary supervision of working places. The same process is occurring 
in Latin America. 


PUBLIC HEALTH AGENCIES AND OCCUPATIONAL HEALTH 

While the trend in health agency activity for industrial health is not universal, 
the reasons behind it tend to explain the basis of interest of the World Health 
Organization in the occupational health field. Briefly, it has become recognized 
that the health of the industrial—or, indeed, the agricultural—worker is influenced 
by many factors, of which the industrial environment is only one. In fact, where- 
ever the question has been studied, it has been repeatedly demonstrated that only 
5 to 10% of the total days of disability of workers are due to all industrial accidents 
and occupational diseases combined. It follows that the promotion of health among 
industrial workers calls for services by the agency responsible for general com- 
munity health protection, that is, the Department or Ministry of Health. 

There are other compelling reasons for the participation of the public health 
agency in the administration of an occupational health service. In each local area 
of a country, there is, ideally, a local health administration for perhaps every 
50,000 to 100,000 persons. To do a total job of health supervision, the health official 
should give attention to all biological and social factors affecting the health of the 
people in this area. Why should he overlook the industrial establishments? More- 
over, there are techniques in the public health program which can be systematically 
applied with great advantage to men and women in an industrial establishment— 
techniques in finding cases of tuberculosis or venereal disease, in health education, 
nutrition, public health nursing, laboratory services, environmental sanitation, 
mental hygiene, and other fields. Furthermore, the public health agency is already 
in close touch with the medical and allied professions and with the hospitals, all 
of which are essential resources for a sound industrial health service. 
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For these reasons, the World Health Organization has a definite interest in 
occupational health. Although WHO is an intergovernmental organization working 
principally through the Ministries or Departments of Health of different nations, 
its Constitution includes the following among its functions : ““To promote, in cooper- 
ation with other specialized agencies where necessary, the improvement of 
economic or working conditions.” 

The International Labor Organization, which was established after World 
War I, has been carrying out important studies and advisory services in industrial 
hygiene since 1920. Since it deals principally with Ministries of Labor, its activities 
have naturally reflected their main concerns relating to the various factory inspec- 
tion systems. These have been chiefly the prevention of industrial accidents and 
the protection of workers against specific occupational diseases. 

Because of the long history of service in this field by the ILO, the World 
Health Organization has naturally entered the sphere of occupational health with 
great caution, careful to avoid overlapping. The principles of its activity were 
designed to complement, rather than duplicate, the ILO efforts. They can be 
stated rather simply as follows: (1) to encourage the participation of public health 
agencies in the protection of the health of industrial workers and (2) to encourage 
the organization of general health and medical services for industrial workers in 
connection with industrial establishments. 

These principles are very broad, and a clarification of what they mean in the 
action program of WHO calls for an understanding of the general structure of the 
organization, 

GENERAL WHO ACTIVITIES IN OCCUPATIONAL HEALTH 

The occupational health activities of WHO fall into two general classifications : 
Central Technical Services and Advisory Services. The Advisory Services are 
highly decentralized, being administered mainly through six regional offices located 
m Manila (Philippines), New Delhi (India), Alexandria (Egypt), Brazzaville 
(French Equatorial Africa), Geneva (Switzerland), and Washington (United 
States). The Department of Central Technical Services includes the Divisions of 
Health Statistics, Epidemiological Services, Therapeutic Substances, and Editorial 
and Reference Services, each of which has some indirect bearing on occupational 
health. 

In the Department of Advisory Services, the impact of activities on occupational 
health is more immediate. The Division of Communicable Diseases supervises 
activities for the control of malaria, tuberculosis, venereal diseases, and other 
communicable diseases. While these activities have their principal effect in rural 
and economically underdeveloped areas, they also reach industrial workers in the 
larger cities. Tuberculosis is an enormous problem among the industrial population 
of many cities in Latin America, Asia, and Europe, and the only effective way to 
tackle it is by a public health approach which includes general case finding, BCG 
vaccination of children, hospitalization of infectious cases, health education, follow- 
up of cases through clinics, and related measures. 

The Division of Education and Training Services supervises activities for aid 
to professional institutions, for coordination of research, and for establishment of 


fellowships, through all of which occupational health advancement may be fostered. 
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We are currently engaged, for example, in recruiting professors of industrial 
hygiene for three posts; these are at the All-India Institute of Hygiene and Public 
Health in Calcutta, at the University of Malaya in Singapore, and at the Univer- 
sity of the Philippines in Manila. 

The WHO Fellowship Program enables promising candidates from any member 
nation to undertake academic or field training abroad for an extended period. 
About 15 such fellowships have already been granted in occupational health, pro- 
viding mainly for special studies in Western Europe and the United States. It has 
been through this program, for example, that personnel has been trained for staffing 
the Institute of Occupational Health in Yugoslavia and a similar institute and 
national research center in Finland. 

The Division of Organization of Public Health Services and the Division of 
I:nvironmental Sanitation are concerned largely with strengthening the national 
public health services in all the varied fields outside of communicable diseases. 
Advisory and demonstration services are provided in the fields of sanitation, mater- 
nal and child health, health education, nutrition, nursing, mental health, and general 
public health administration. Sanitation activities, for example, include advice on 
the prevention of atmospheric pollution or stream pollution from industrial wastes. 
Advice is available from the Division on any aspect of plant sanitation. 

An Expert Committee on Maternity Care has suggested international standards 
on maternity leave for working women. The Section on Health Education encour- 
ages programs of education for industrial workers, just as the Section on Nutrition 
offers advisory services on industrial feeding. Along with the Food and Agricul- 
ture Organization (FAQ), special studies have been made on the best patterns 
for feeding agricultural workers, since it is commonplace for plantations in Latir 
America and Asia to feed their workers as part of wages. Much assistance has 
been given with the establishment of schools of nursing, which include among 
their purposes the training of nurses for service in industry. Mental health services 
in industry have been promoted through a special course which has been given 
in England for the benefit of industrial physicians from the Scandinavian countries. 
Advisory services in general public health administration redound to the benefit 
of the industrial worker by helping to strengthen national and local public health 
organizations which affect all members of a community. 


SPECIFIC SOCIAL AND OCCUPATIONAL HEALTH PROGRAM OF WHO 
Finally, there was established in September, 1950, a Section on Social and 
Occupational Health in the World Health Organization whose functions include 
various aspects of medical care administration and occupational health services. 
One of the important instrumentalities of all international health work is the Expert 
Committee, which enables leading authorities of many nations to be brought together 
for the purpose of formulating general principles and possible international stand- 
ards which may serve as a guide to nations seeking advice. In 1950, the Joint 
ILO/WHO Committee on Occupational Health had its first meeting, at which 
general working relationships between the two international agencies were proposed. 
The second session of this Committee was held in October, 1952, and from that 


| 


ROEMER-DA COSTA—WORLD HEALTH ORGANIZATION 115 


meeting there emanated suggestions for practical ways in which public health 
agencies throughout the world could cooperate in the advancement of industrial 
health services. 

The Western European nations, because of the historical development already 
sketched, place governmental responsibility for protecting the health of workers 
under Divisions of Factory Inspection in their Ministries of Labor. The resultant 
separation between these services and the national public health systems is unfor- 
tunate for both sides, and the World Health Organization is directing attention to 
reducing the gap. As a first step, a Seminar on Occupational Health was held in 
Leiden, the Netherlands, in December, 1952. To this Seminar ten nations sent 
teams consisting of an industrial physician, a medical inspector of factories, a public 
health officer, a social security representative, an employer, and a labor repre- 
sentative. The Seminar discussed questions which properly require interagency 
cooperation, such as health problems of the older worker, mental health in industry, 
rehabilitation and preemployment examinations. 

The United Nations Technical Assistance Program is one of the principal 
vehicles through which advice is given to economically underdeveloped areas on 
all aspects of health organization. Because of its extensive background in industrial 
hygiene, most requests for advice in this field have been directed to the International 
Labor Organization. In the past year, however, the Ministry of Health of Egypt 
has asked WHO for advice on the organization of a nationwide industrial health 
service, and the Health Ministry of Iran has asked for assistance in setting up proper 
services in its renowned petroleum industry. The National Health Administration 
of Finland has requested advice on the organization of field services to emanate 
from its new and impressive Institute of Occupational Health at Helsinki. Con- 
sultants have been sent to all these countries, and most recently a WHO expert 
has advised Turkey on plans for the first occupational health research and training 
center in that country. 

In all field missions for occupational health programs, an agreement has been 
reached with the International Labor Organization that, regardless of which agency 
receives the original request from a government, the consultants will go out as 
joint representatives of both ILO and WHO. In this way we hope to encourage 
maximum cooperation between the labor and health agencies of a nation, thus assur- 
ing proper contacts between the consultant and both the Ministry of Labor and the 
Ministry of Health. 

There are other special activities of WHO which relate to occupational health 
and which are carried out jointly with ILO and other agencies. Promotion of the 
health of seafarers is an objective that classically must be assumed by international 
agencies, since the nature of the work brings men continually to foreign lands. The 


ILO has directed attention to the general welfare problems of this occupational 
group for some years, and in 1949 a Joint ILO/WHO Committee on the Hygiene 
of Seafarers was established. Out of the first session of this committee several 
research projects have grown, the object of which will be to promote adequate 
international standards. WHO is soon to release a study of the contents of medical 
chests used on merchant ships throughout the world as a first step toward proposing 
minimum contents for these pharmacies at sea. 
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Another special activity with marked bearing on occupational health is the WHO 
work on medical aspects of rehabilitation. The United Nations Division of Social 
Welfare has taken the lead in this activity, since rehabilitation involves the skills 
of several specialized international agencies for its welfare aspects, its vocational 
aspects (ILO), its educational aspects (UNESCO), and its medical aspects 
(WH). These efforts are directed toward assisting nations in the careful develop- 
ment of rehabilitation programs which are integrated with general administrations 
in public health, education, labor, and welfare. Training courses and fellowships, 
advisory missions, rehabilitation demonstration centers, and public information and 
monographs are being used to promote this work in Europe, North Africa, Asia, 
and South America. 

COMMENT AND CONCLUSIONS 

This, then, gives a sketchy idea of the activities and objectives of the World 
Health Organization in the field of occupational health. It is obvious that we have 
barely scratched the surface of an enormous problem, which is always growing 
larger as the nations of the world gradually become more industrialized. WHO 
can hope perhaps to have some minor impact on international developments only 
by keeping its objectives limited—limited to organizational and administrative 
aspects in developing balanced health services for workers, with the participation 
of national Ministries and Departments of Health. It cannot hope to grapple with 
the enormous jungle of technical problems involved in the prevention of specific 
occupational diseases and accidents. 

In advocating the active participation of health agencies in the promotion of 
industrial hygiene er occupational health, we do not mean to imply for one moment 
that the task of factory inspection by labor authorities should be abandoned or 
transferred. Factory inspection involves much more than direct health supervision, 
and it must, by all means, be continued under the labor authorities who have general 
responsibility for the welfare of the worker. Especially important is the prevention 
of accidents through enforcement of safety measures by labor authorities. A well- 
balanced health service, with preventive measures, preemployment and_ periodic 
examinations, first aid, diagnosis and treatment of minor ailments, and health educa- 
tion—the pattern found in the large plants of America and Europe—is the goal 
which the professional leadership of health agencies can try to promote everywhere. 

In its larger context, occupational health service must be viewed as one aspect 
of the total question of health care for a population, both preventive and therapeutic. 
The general pattern of organization of public health and medical care differs, of 
course, throughout the world. Among the older industrial nations of Europe, 
medical care has been most commonly organized under various insurance systems, 
which have been quite separate from the public health programs and separate also 
from the systems of health services within the larger factories. In the United States, 
the same general development is now occurring some years later. In the absence 
of public systems of social insurance for general medical care, various programs of 
comprehensive medical service for workers and their families are being organized 
by labor and management in several industries. 

These specialized programs are inevitable because they are in response to definite 
needs. Yet problems are created by the dispersion of health programs which, under 
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separate auspices, affect different aspects of the same person, the same family, and 
the same community. Eventually the hundred and one organized community 
approaches to preventive medicine and medical care must be coordinated into a 
total health service in each local area. It should be a cooperative service which 
considers each person as a whole, whether he is on his job, at home, at school, at 
play ; whether he is a veteran, an Elk, a poor man, a rich man, a Negro, a white 
man, a Methodist, a Catholic; whether his ailment is compensable, insurable, com- 


municable, degenerative, chronic, acute ; whether his case requires a general practi- 


tioner, a specialist, a nurse, a dentist, a hospital, an industrial clinic, a health center, 
a drugstore, a laboratory, or whatnot. 

In other words, the World Health Organization is interested in the total health 
of a person—in his physical, mental, and social well-being. Perhaps its most 
inportant contribution toward the advancement of occupational health is a long-term 


endeavor to strengthen the general health administration, both national and local, 
of all nations. 
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HE COMPOUND CBP-55 is a brominated and chlorinated C3 hydrocarbon 
which contains approximately 55% 1-chloro-3-bromopropene-1 and other related 
brominated and chlorinated hydrocarbons. The molecular configuration of its chief 
constituents is as follows: 


| 


H H H 
Cl-C=C—C-Br HC—C—CH 
H 


1-chloro-3-bromopropene-1 1,2-dichloropropane 


It has an average molecular weight of 130, a density range of 1.36 to 1.40, and a 
boiling range of 30 to 150 C. It has been suggested for experimental use as a soil 
fumigant in the control of soil fungi, weed seeds, and nematodes. 

This study is concerned with (1) the toxicity of CBP-55 for rodents, (2) 
sensory response studies, (3) certain industrial hygiene control measures that 
were found useful in the manufacture of the compound, and (4) a summary of 
the results of a health appraisal of personnel exposed to the compound in the 
experimental plants of the Shell Development Laboratories. 

No toxicity data have been published on CBP-55; however, some information 
was available on DD, a closely related compound. DD is a mixture of chlorinated 
C; hydrocarbons which has been used for some years in nematode control, and 
toxicity evaluations have been carried out on its chief components, 1,3-dichlo- 
ropropene-1 and 1,2-dichloropropane. 


From the Departments of Pharmacology and Experimental Therapeutics, and Pathology, 
University of California Medical School, San Francisco, and from the Shell Development Labo- 
ratories, Emeryville, Calif. 

This paper was presented before the General Session of the Thirteenth Annual Meeting of 
the American Industrial Hygiene Association, Cincinnati, April, 1952. 
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1,3-dichloropropene-1 is a colorless, rather volatile liquid which is insoluble 
in water.’ It has a relatively high acute toxicity for mice on vapor exposure, and 
this effect was found by Schick and Leake of these laboratories * to be cumulative. 
They suggested that the irritating quality of the vapor might serve as a warning 
of its presence in the air. Soley and Greenberg * reported that when the liquid was 
applied to the intact rabbit skin severe irritation, erythema, and vesication followed 
exposures as brief as 30 seconds. 

The chief uses of 1,2-dichloropropane are, according to Highman and Heppel,* 
as a component of grain fumigants and of dry-cleaning fluids. Its unpleasant odor 
and the headache, vertigo, lacrimation, and irritation of mucous membranes result- 
ing from inhalation of the vapor are referred to as excellent warning signs of 
dangerous exposure. According to Heppel® and Heppel and associates,’ diet is an 
important factor in the prevention of experimental poisoning by inhalation. Wean- 
ling rats fed a diet low in protein and choline (i. e., deficient in sulfur-containing 
amino acid compounds) were more susceptible than controls. 

Wright and Schaffer * reported that 5 ml. of 1,2-dichloropropane per kilogram 
was a lethal dose for dogs; 3 ml./kg. was nonlethal. However, doses as low as 
0.3 ml./kg. caused moderately severe lesions in the liver, gastrointestinal tract, and 
kidneys. Carpenter and others * demonstrated that a four-hour exposure to a vapor 
concentration of 1,500 ppm resulted in 33 to 67% mortality among rats. Heppel 
and associates ® reported that many deaths occurred among rats, guinea pigs, and 
rabbits in fewer than eight daily seven-hour exposures to 2,200 ppm. Fatty degen- 
eration of the liver and kidneys and visceral congestion were noted. When the 
concentration was no greater than 1,500 ppm, most animals survived 35 exposures. 
Rats showed the greatest susceptibility to 1,000 ppm, followed by guinea pigs, 
rabbits, and dogs, in that order. A maximum allowable concentration of 75 ppm 
was suggested by the American Conference of Industrial Hygienists."° 


Organic Chemicals, San Francisco, Shell Development Company, 1948. 
Schick, J., and Leake, C. D.: Personal communication to the authors. 
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I, TOXICITY FOR RODENTS 


Throughout the experiment, technical grades of DD and CBP-55, obtained from 
the Shell Development Company, were used. 

The test animals were male Swiss inbred white mice, male and female Long- 
Evans rats, and male albino rabbits. All the animals were obtained from local 
suppliers and were quarantined for about two weeks prior to use. The animals 
were housed in metal cages bedded with sawdust and were segregated into small 
groups according to species and sex. The temperature of the animal room varied 
between 14 and 18 C. Mice and rats were fed standard dog-food cubes and tap 
water; rabbits were fed standard rabbit pellets and tap water. The mice used for 
intragastric administration studies were fasted for 24 hours before testing. 

The mortality, weight changes, and behavior were observed for 10 days after 
dosing. Examinations were made for gross pathologic changes in all animals that 
died and in selected animals that survived. Routinely, samples of brain, thyroid, 
lungs, heart, spleen, stomach, intestines, adrenals, and kidneys were taken for 
histologic studies. The blocks of tissue were fixed in 10% formalin, preserved in 
80% ethanol, imbedded in paraffin, sectioned, and stained with hematoxylin-eosin. 
The L. D.59 and L. C.so values were determined according to the method of Miller 
and Tainter."! 


Acute Toxicity Studies—The acute toxicity of CBP-55 was determined by intragastric 
administration, vapor exposure, and cutaneous contact. Wherever appropriate, the toxicity of 
DD was determined for comparison. ; 

(a) Intragastric Administration: Thirty mice (20 +2 gm.) were given CBP-55 in doses 
of 0.045 to 0.153 gm. 1 kg. intragastrically with a ball-point, 18-gauge needle and syringe. Thirty- 
one similar mice were given DD in doses of 0.132 to 0.432 gm./kg. Both substances were 
suspended in propylene glycol. Sixty-three adult rats (200 +50 gm.) were given CBP-55 in 
doses of 0.013 to 1.360 gm./kg. suspended in 95% ethanol. DD was given to 73 similar rats in 


doses of 0.030 to 0.444 gm./kg. suspended in 95% ethanol and of 0.0300 to 1.20 gm./kg. suspended 
in propylene glycol. 


Hyperexcitability followed by tremors, incoordinaticn, depression, and dyspnea 
were exhibited after instillation of either liquid. A garlicky odor was distinguish- 
able on the breath several hours after administration. The mortality curve was 
abrupt fo both liquids. All mice died at the highest dose level, about one-half at 
the next level, and only one at the two lowest levels. Rats showed the same type 
of curve. The L. D.s59 values in grams per kilogram for CBP-55 were as follows: 
for mice, 0.100 +0.008; for rats, 0.078 +0.008. These values for DD were as 
follows: for mice, 0.300 +0.027; for rats, 0.140 +0.025 (Table 1). 

The usual gross lesions found in rats that died were distention of the stomach 
by fluids and gas and erosion of the gastrointestinal mucosa, with occasional hemor- 
rhage. Hemorrhage of the lungs and fatty degeneration of the liver were occasion- 
ally seen in animals that succumbed after several days. 

(b) Vapor Exposure: Varying concentrations of vapor in air were obtained by two 
methods. The first method used an immersion-vaporizer, consisting of a pyrex® tube, approxi- 
mately 18 by 3 cm., which contained another glass tube, 0.8 cm. in diameter, with a sintered 
glass end. The dry metered air passed through the inner glass tube and escaped through the 
fine pores of the tip into the liquid sample in the outer tube. The resulting fine bubbles passed 


11. Miller, L. C., and Tainter, M. L.: Estimation of the L.D.so and Its Error by Means of 
Logarithmic-Probit Graph paper. Proc. Soc. Exper. Biol. & Med. 57:261-264, 1944. 
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up through the liquid and became saturated with vapor. Proper dilution of the saturated air was 
then accomplished by thorough mixing in a spherical chamber with a stream of dry metered air. 
Approximately 10 liters of vapor per minute passed through a glass exposure chamber of 19.5 
liters capacity. The vaporizer was held in a constant-temperature bath at 25 + 0.1 C. The mean 
vapor pressure at 25 C. after one-hour vaporization periods was 17.5 mm. of mercury for CBP-55 
and 25.0 mm. for DD. No attempt was made to analyze the individual components of the vapor 
in the chamber. No more than eight animals were exposed at any one time. 


This apparatus was not entirely satisfactory for the testing of CBP-55 and DD, 


because they contain compounds of varving vapor pressure. The weight per volume 


Tas_e 1.—Mortality Following Single Intragastric Administration of CBP-55 and DD 
To Mice and Kats 


Mortality Data 


Time of Death After Weight Changes 
Administration, Hr. in Survivors, % 
Dosage, No. No. —— - L.Dse* -— 
Species Tested Dead 1-24 25-72 73-200 Gm./Kg 5 Days 10 Days 


0.102 Mouse 0 1 1 0.008 


0.013 2 

0.034 | 1 1 

0.068 Ww 6 1 4 \ 0.078 
0.102 10 7 1 2 0,008 
0.136 | 15 12 7 2 

1.360 | 3 3 3 

DD 

0.132 5 


1 


6 


0,288 
0.432 


0.096 
0.192 
0.240 
0.300 
0.444 
0.60 

120 J 4 1 4 


11 9 4 1 4 0.140 > 23.90 —20.30 
5 35.60 —32.90 


0.030 | 12 3 2 1 we — 0.21 + 2.66 


* Dose lethal to 3% of animals, as caleulated according to method of Miller and Tainter (1944). 


of the halogenated hydrocarbons in air was in part a function of the time of vapori- 
zation, since the more volatile components were present in proportionally greater 
concentrations with the shorter periods of saturation. Partly to compensate for 
this variation, the contents of the immersion-vaporizer were replaced with fresh 
test solutions hourly. 


The second method used a modified version of the motor-driven syringe assembly described 
by Carpenter and associates. The metered delivery of the fluid from a 10 ml. Luer-Lok syringe 
into an evaporator through which metered air moved at a uniform rate was accomplished by 
means of a constant-speed motor. Groups of 6 to 12 animals were exposed in a chamber con- 
structed of five-ply laminated wood, with a capacity of 165 liters. Mixing of air and vapor 
occurred in the evaporating chamber. A baffle plate over the inlet reduced the linear air flow 


CBP-55 
0.045 ) 5 0 ) 
- 3.29 + 2.98 
5.07 + 2.20 
20.30 16.70 
9.40 — 6.94 
—15.30 —15.30 
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inside the exposure chamber. Analytical checks on the concentration of the vapors within the 
chamber gave values within 90 to 100% of the expected concentrations. Nominal concentrations 
were calculated by the standard gas concentration formula of Jacobs.!? 

Thirty adult rats (200 +50 gm.) were exposed by the first method for four hours to CBP-55 
at vapor concentrations of 160 to 1,400 ppm. Twenty-four similar rats were exposed for four 
hours to DD concentrations of 450 to 18,000 ppm. A mortality record was made, including the 
time of death, and survivors were held for a 10-day observation period. 


Physiological responses were similar to those after intragastric administration ; 
however, there was greater respiratory distress, especially in the CBP-55 group, 
which showed more dyspnea, hyperpnea, mucous nasal discharge, and lacrimation. 
Dilatation of the capillaries was evident in the ear. Sixteen animals of the CBP-55 
group died within 10 hours, and two more died later. The L. C.59 was calculated 
to be 260 +50 ppm. In the DD group, 12 animals died, all within 10 hours, and 
the L.C.59 was 1,000 +87 ppm (Table 2). 


TaBLe 2.—Acute Vapor Toxicity to Rats of Varying Concentrations of CBP-55 and DD 


Weight Changes 
Concen- Start of Exposure, Hr. in Survivors, % 
tration, No. of No. L. C.s0,* 
Ppm Animals Dead 1 2-10 Over 11 Ppm 5 Days 10 Days 
CBP-55 

250 6 4 oe —12.6 —23.7 

550 6 6 6 Sy 

DD 
450 2 #6.  ° + 3.78 
650 8 0 Pa — 4.65 — 5.76 
9 

900 4 2 2 3.00 

18,000 1 1 1 


* After a four-hour exposure. 


Rats that died from the vapors of either liquid showed severe edema of the 
lungs, with varying degrees of interstitial and alveolar hemorrhage, and distention 
of the stomach and upper small intestine. Congestion and fatty degeneration of the 
liver also were noted occasionally in animals exposed to DD. 


Groups of 6 male Long-Evans rats (140 +30 gm.) and 15 male albino mice (24 +4 gm.) 
were exposed by the second method for one-half, one, four, or eight hours to 1 of 11 concen- 
trations of CBP-55, ranging from 50 to 1,900 ppm. A mortality record was kept, and survivors 
were held for a 10-day observation period and were weighed on the 5th and 10th days. Moribund 


animals were killed by decapitation, and sections of lung, heart, liver, kidney, adrenal, and spleen 
were taken for histologic examination. 


12. Jacobs, M. B.: The Analytical Chemistry of Industrial Poisons, Hazards, and Solvents: 
Vol. 1, Chemical Analysis: A Series of Monographs on Analytical Chemistry and Its Applica- 
tions, edited by B. L. Clarke and I. M. Koltoff, Ed. 2, New York, Interscience Publishers, Inc., 
1949, p. 76. 
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Varying degrees of nose and eye irritation were indicated by several or all of 
the following signs: blinking, lacrimation, salivation, nasal discharge, and rubbing 
of the nose and eyes with the paws; these were noted with all exposures to CBP-55 
vapors. Concomitantly, varying degrees of respiratory distress were shown, rang- 
ing from very slight dyspnea and respiratory irregularity to severe gasping and 
very sharp involuntary inspiratory movements. Even the lowest vapor concentra- 
tion, 50 ppm, produced slight gasping after three hours of continual exposure. 
The only indications of a possible effect on the central nervous system were slight 
ataxia and depression, which as a rule followed exposure to the higher concentra- 
tions for prolonged periods. These animals also showed acute respiratory distress, 
and the hypoxia may have affected the central nervous system. Other signs were 
bloating of the abdomen, resulting from inability to regurgitate the air swallowed 
when gasping, and vasodilatation, shown by engorgement of the blood vessels of 
the ears and slight to marked reddening of the extremities. 


Tas_e 3.—Acute Vapor Toxicity to Mice and Rats of Varying Concentrations of CBP-55 
Obtained by Constant-Metering Device 


Rats Mice | Rats Mice 


Mortality Ratios as Related to Duration of Exposure 
1Hr 
Rats Mice 


06 


Ppm 
10 eee “3 316 
200 
375 
563 
704 
B45 
1,270 
1,900 


66 


. C.s0 (ppm)* 


* Lethal concentration (ppm) for 50% of animals. 


At lower concentrations, death usually occurred 24 to 48 hours after exposure. 
At higher concentrations, death usually occurred within 12 hours, suggesting a 
rapidly developing functional impairment. The principal lesions found at autopsy 
involved the respiratory tract; there was no evidence of damage to abdominal 
organs (Table 3). 


(a) Percutaneous Absorption: Fifteen adult rabbits (3.0 + 0.5 kg.) were given CBP-55 
in doses of 0.54 to 3.40 gm./kg., and 19 rabbits were given 1.20 to 4.80 gm./kg. of DD. Twenty- 
four hours before testing, the animals were depilated over the back and flanks in a cylindrical 
swath between the fore and hind legs. They were immobilized in a multiple rabbit holder, as 
described by Laug,'* and a tight-fitting rubber girdle was slipped over the shaved area. The 
undiluted liquid was then introduced under the girdle with a ball-point needle and syringe and 
was allowed to remain in contact with the skin for 24 hours. The rabbits were placed within 
a fume hood with only their heads protruding. This prevented the inhalation of any fumes 
escaping from under the dam, but even with these precautions the animals experienced respiratory 
difficulty. 


13. Laug, E. P.: A Multiple Rabbit Holder, J. Lab. & Clin. Med. 29:308-311, 1944. 
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The signs noted in the rabbits given the higher doses of CBP-55 included 
mucous nasal discharge, depression of respiration, lowering of body temperature, 
and decreased body movement. mucous nasal discharge was noted in one rabbit 
receiving 3.00 gm./kg. of DD, but evidence of severe respiratory tract irritation 
was not generally observed. The principal physiologic signs following the appli- 
cation of DD were decreased body movement and depressed respiration. 

Ten of the 12 animals receiving the two higher doses of CBP-55 died in about 
16 hours; the 7 others survived. Seven of the 10 animals receiving the three higher 
doses of DD died in 8 to 48 hours, and the 5 receiving the lowest dose survived. 
L. D.s0 values were 2.0 +0.3 gm./kg. for CBP-55 and 2.10 +0.26 gm./kg. for DD. 


Irritation Studies—(a) Cutaneous Contact: Undiluted CBP-55 or DD was applied to 
predesignated areas of the skin of 12 rabbits in single doses of 0.5 mf. The skin was prepared 
as for the percutaneous absorption test, and the liquid was allowed to remain in contact with 
the skin for 24 hours. The resulting skin reactions were evaluated on the basis of a scale of 
weighted scores, according to the method of Draize and others.!4 


The skin-injury score represents the average of the 24-hour and the 72-hour 
readings for three intact and three abraded areas receiving the same liquid. The 
mean score for CBP-55 was 6.5, while the mean score for DD was 7. According 
to Draize, compounds producing combined averages (primary irritation indices ) 
above 6 are considered severe irritants. 


(b) Eye Instillation: Fifteen rabbits were given 0.005 ml. of undiluted CBP-55 or 0.01 ml. 
of 5 to 40% CBP-55 suspended in propylene glycol. Ten rabbits were given undiluted DD in 
doses of 0.005 or 0.02 ml. The liquid was applied to the center of the cornea of eyes preselected 
as suitable for testing, according to Carpenter and Smyth.!® With small volumes, the lids were 
retracted for one minute after instillation, while with larger volumes the lids were held closed 
for the same period. Eighteen to 24 hours later the eve was examined in strong diffuse daylight 
and stained with fluorescein sodium. The eye reactions were evaluated on the basis of a scale 
of weighted scores. The eye-injury score represents the average of the 24-hour readings for 
the eyes of five rabbits receiving the same dosage of the same liquid. 


CBP-55 was classified as grade 8; other compounds in this class are ammonium 
hydroxide, menthol, and xylenol. DD was classified as grade 5; other compounds 
in this grade, according to Carpenter and Smyth, are allyl alcohol, diethanolamine, 
and USP tincture of green soap. 


Chronic Toxicity Studies—Five groups, each composed of 6 male and 6 female Long-Evans 
rats (140 + 28 gm.) and 15 male albino mice (24 + 2 gm.), were exposed for one hour daily 
five days a week until 60 to 70 exposures had been made or until all the rats were dead. The 
constant-metering device was used to provide CBP-55 vapor concentrations of 100 to 563 ppm. 
Ten male rats of the same strain were used as controls and were not exposed in the chamber. 
Weekly weight changes were noted, and records kept of the mortality (Table 4). Necropsies 
were performed on all animals that died during the experiment. All survivors were killed at 
the end of 13 weeks, 24 hours after their last exposure. Gross pathologic changes were recorded, 
and tissue sections were taken for microscopic examination. 


Aside from a slight irritation of the nose and eyes and a slight depression of 
the respiratory rate during exposure, the animals exposed repeatedly to 100 ppm 


14. Draize, J. H.; Woodard, G., and Calvery, H. O.: Methods for the Study of Irritation 
and Toxicity of Substances Applied Topically to the Skin and Mucous Membranes, J. Pharmacol. 
& Exper. Therap. 82:377-390, 1944. 


15. Carpenter, C. P., and Smyth, H. F., Jr.: Chemical Burns of the Rabbit Cornea, Am. J. 
Ophth,. 29: 1363-1372, 1946, 
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of CBP-55 exhibited no visible toxicologic effect. Rats repeatedly exposed to 150 
and 225 ppm exhibited moderate retardation of growth and slightly greater irrita- 
tion of the eyes, nose, and respiratory tract, as shown by increased incidence and 
severity of rales, increased lacrimal, nasal, and salivary secretions, wheezes from 
the nose and throat, and sniffling and sneezing. 

One of 6 female rats and 2 of 15 male mice died during the 70 exposures to 
100 ppm of CBP-55. No mortalities were recorded among any animals exposed 
to the 150 ppm concentration. Three of 6 male rats and 3 of 15 male mice exposed 
to 225 ppm died before the end of the 60th exposure period. Animals exposed to 
375 and 563 ppm suffered severe irritation of the eyes, nose, and respiratory tract 
and exhibited escape movements for 10 to 20 minutes before huddling. Severe 
progressive emaciation leading to a rapid demise was noted with the male rats in 
both the 375 and the 563 ppm groups. Female rats were more resistant than male 
rats, but they were not so resistant as male mice. 

There was 100% mortality among the male rats exposed to 375 ppm of CBP-55 
after 11 one-hour exposures. One hundred per cent mortality of the female rats 


Tasie 5.—Mean Values of Organ/Body Weight Ratios of Control Rats and Surviving Rats 


Organ/Body Weight (Expressed as per Cent) 


Group sex y Lungs Heart Kidney 
Control 3 J 0.55 0.33 0.70 
100 ppm . 05 0.43 0.20* 0.69 
100 ppm Female 0.26 0.72 
150 ppm Male 5 of 0.28t 0.76+ 
150 ppm Female 0.34¢ 0.791 
225 ppm Male 0.30*t 0.81* 
225 ppm Female 77 0.81+ 


* Significantly different (P = 0.05) from control group. 
t Significantly different (P = 0.05) from group receiving 100 ppm. 


followed within 15 exposures, but only 3 of 15 male mice were dead after 20 
exposures at this concentration. One hundred per cent mortality occurred among 
male rats at 563 ppm within 3 exposures and among the female rats within 11 
exposures, while 14 of 15 male mice died after 20 exposures. 

The surviving rats were killed by decapitation after etherization. All organs 
were examined grossly; the liver, kidneys, lungs, and heart were removed, blotted 
dry, and weighed within five minutes after removal. The per cent of organ weight 
to body weight was calculated, and comparisons of the ratios were made. In Table 5 
is summarized the significant difference in organ/body weight ratios between 
groups of males compared with the control group and with the group at the lowest 
level of exposure, and between groups of females compared with the group at the 
lowest level of exposure. 

The commonest gross lesions involved the respiratory tract. There were varying 
degrees of pulmonary congestion and hemorrhage, the severest changes occurring 
among the male rats at the higher concentrations. There was frequently an abnor- 
mal accumulation of serous fluid in the thoracic cavity, as well as moderate to severe 
distention of the gastrointestinal tract. The other organs appeared essentially 
normal, At higher concentrations there was necrosis of the lungs, with grayish 
discoloration and induration of the upper lobes. On section, the bronchi and 


Having 70 Exposures to CBP-55 in Doses of 100, 150, and 225 PPM 
Spleen 
0.35 
0.24" 
0.27 
0.28*t 
0.44t 
0.37 
0.45+ 
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bronchioles were partially filled with a mucopurulent exudate. Occasionally the 
adrenal glands were enlarged and hyperemic. 

Microscopic Lesions —(a) Intragastric Administration: The chief alterations 
were found in the gastrointestinal tract. -vidence of severe irritation of the gastric 
mucosa included necrosis and sloughing of the cells and swelling at the higher doses. 
Some evidence of liver degeneration was noted after administration of DD; fatty 
infiltration and cloudy swelling of hepatic cells were noted in animals which sur- 
vived longer than two or three days. Minimal hepatic changes resulted from admin- 
istration of CBP-55. 

(b) Acute Vapor Exposure: Pulmonary irritation, as evidenced by inflamma- 
tory cells in the alveoli, congestion, hemorrhage, and edema, was noted in varying 
degree among the different groups. Inflammatory changes from CBP-55 appeared 
at lower concentrations than from DD, The abdominal viscera were essentially 
unchanged, although occasional cloudy swelling in the liver was observed in 
animals exposed to DD. 


(c) Cutaneous Contact: Typical inflammatory responses were noted in the 
lungs of rabbits receiving CBP-55. Skin taken from the site of application showed 
ulceration of the epidermis and a marked acute inflammatory response of the dermis 
and subcutaneous tissues. Degeneration of the liver was noted in two of the animals 
receiving DD, and there were moderate changes in this organ in one animal receiv- 
ing CBP-55. There was generalized passive congestion throughout the viscera. No 
evidence of kidney damage was present. 


(d) Chronic Vapor Exposure: Animals dying at high levels of exposure char- 
acteristically showed pulmonary irritation and in some cases almost complete 


destruction of the pulmonary tissue. Animals surviving concentrations of 100 and 
150 ppm of CBP-55 did not show evidence of either pulmonary or other visceral 
damage. At levels of 225 ppm there were mild bronchitis and minimal hepatic and 
renal parenchymal changes, probably associated with inanition. Sections of the liver 
and kidneys prepared with scarlet red did not show an increased fat deposition 
among any of the groups in comparison with the controls. 


Il. SENSORY RESPONSE STUDIES 


Sensory response studies 16 were carried out on 21 volunteers from a group of graduate 
students. The subjects were young men in normal health, free from complaints of the upper 
respiratory tract and from eye irritation. The mean age of the group was 31 years. No subject 
was exposed more than once in a 24-hour period, and most of the subjects were exposed only 
once. The subjects were not informed prior to testing of the concentration to which they would 
be exposed or of the signs and symptoms which might be elicited. On two occasions, exposures 
were made without introducing any test agent into the chamber; in none of the subjects so 
exposed were there any subjective complaints or objective findings. 

The same examiner measured objective evidence of eye and upper respiratory tract irritation 
throughout the exposure period and during a subsequent 30-minute recovery period. The subject 
noted the time of recognition of the presence of CBP-55 and the degree and kind of irritation 
produced. Subjects were exposed for a period of 10 minutes, or until they indicated that further 
exposure was intolerable. Physical examination of the cardiovascular system and the lung fields 
was conducted at the conclusion of the observation period and subsequently throughout the day 
to determine whether there was any evidence of pulmonary involvement. 


16. This work was done as a course project in industrial toxicology in the School of Public 
Health of the University of California by D. B. Wilson, M.D., and Morgan Morley, ChE. 


— 


128 INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


The exposure room had a capacity of 8.5 cubic meters. It was equipped with an air lock 
to prevent escape of gases when the chamber was opened, a glass window for viewing the 
subjects, a large blower for rapidly exhausting the air, and two ports for obtaining samples. 
Air was circulated within the chamber by means of a large fan. Weighed quantities of CBP-55 
were volatilized to give the desired concentration in the room. Check of the nominal concentra- 
tions was attempted, using a Davis gas analyzer. The results were not entirely satisfactory 
because of the drifting of the calibration point of the instrument. The values listed in Table 6 
are the theoretical concentrations. Judging by analysis of the concentration of gas in the animal- 
exposure chambers, they are from 90 to 100% correct. 


Responses to the irritating concentrations of CBP-55 were similar in type and 
order of appearance in nearly all test subjects. Listed according to their order of 
appearance, they were olfactory recognition of the compound, mild irritation of 
the nasal mucosa, blinking, lacrimation, severe ocular irritation, olfactory agnosia, 
rapid blinking, blepharospasm, and ocular pain. Subjective recognition of irrita- 
tion was the only sensory change which could readily be classified. The degree of 


Tasté 6.—Kelationship Between Onset and Degree of Irritation and of Air Concentration of 
CBP-55 in Group of Experimental Human Subjects Exposed to Varying 
Concentrations of CBP-55 


Air Con- Average Time of Onset of Irrita 
centration, No. of 


Ppm Subjects Mild Moderate 


50 Immediate 01 
0.2 04 
0.5 0.75 


2.0 3.0 


2.0 5.0+ 
3.04 


* Assumed negative if no response within 10 minutes. 
+ One subject only. 


irritation was classified according to the response of the subject as mild, moderate, 
or severe. Mild irritation was described as barely recognizable discomfort. Moder- 
ate irritation included a smarting and burning of the eyes and lacrimation. Severe 
irritation was characterized by blepharospasm, ocular pain, and the desire of the 
subject to forego further exposure. The degree of irritation and the time of its 
onset are shown for seven different concentrations of CBP-55 in Table 6. 


COMMENT 


From a review of the available toxicity data on the known components of DD, 
1,2-dichloropropane, and 1,3-dichloropropene-1, it was to be anticipated that DD 
itself would be moderately toxic. Experimental data on the individual components 
indicated that the unsaturated component was more toxic than the saturated. 
Combination of the two major components of DD together with the heavier halo- 
genated and unsaturated portions confers upon DD a toxicity greater than that of 
any of the individual components examined to date. 

Bromination of DD, with the introduction of bromine at the 3 position in 
1,3-dichloropropene-1, resulted in a compound with even greater toxicity. The 
brominated mixture CBP-55 was approximately three times as toxic for mice and 
twice as toxic for rats when introduced intragastrically. CBP-55 had also a 


tion, Min.* 
04 
1.5 
3 2 4.0 
2 2 - 
01 4 
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greater acute vapor toxicity; by the immersion-vaporizer technique the L. C.50 
was 260 ppm for a four-hour exposure, while the L. C.s9 for DD was 1,000 ppm. 
In addition, an entirely different pattern of systemic effects was elicited by exposure 
to these two agents. In all but the highest concentrations, the central nervous sys- 
tem effects of DD predominated and overshadowed the respiratory distress resulting 
from surface irritation. In the case of CBP-55, however, the respiratory distress 
was more pronounced than was central nervous system excitement or depression 
at all concentrations. After acute exposure to the vapors of the two agents, the 
surviving animals recovered much more slowly from CBP-55 than from DD. 
Secondary pneumonic infections were more prevalent in the animals exposed to 
CBP-55 than in those exposed to DD. High concentrations of both agents were 
intolerable. Gasping, refusal to breathe, and extreme respiratory distress were 
noted in animals exposed to approximately 350 ppm of CBP-55 or more than 1,500 
ppm of DD. The general correlation between concentration and time of exposure 
in producing the effect of irritation was borne out by the exposures to both CBP-55 
and DD. In general, the effect was a product of the concentration and the time of 
exposure. 

An interesting species difference was noted between mice and rats. The mice 
were more resistant to the toxic effects of CBP-55 and DD after both intragastric 
administration and vapor exposure. .\ sex difference was noted in the suscepti- 
bility of rats; female rats were uniformly more resistant than male rats. Acute 
vapor exposures were characterized by a rather abrupt dosage-effect curve. An 
increment of 50% in dosage frequently varied mortality by 100%. Apparently 
animals were able to resist the irritating effects of the vapor up to a certain point 
before the protective mechanisms broke down completely. This response differs 
from that seen with compounds which produce a central nervous system depressant 
effect, in which the toxic effects are due to a gradual depression of the vital centers. 
This dosage-effect relationship was also noted in the 70-day subacute vapor expo- 
sure. A decided difference in response between 225 and 375 ppm was noted in 
the case of the rats. One hundred per cent mortality was obtained at the higher 
level, while only a 25% mortality occurred at the lower level. 

Experimental data indicate that repeated exposures of experimental animals 
to the compounds in concentrations as high as 150 ppm produce no significant 
effect on mortality, pathologic changes in the organs, or increase in organ size. 
Exposure to 225 ppm caused pronounced signs of respiratory irritation but was 
tolerated for a considerable number of exposures. Twenty per cent mortality 
occurred among mice and 50% mortality among male rats, but there was no mor- 
tality among female rats at this level. The absence of evidence of damage to visceral 
organs on gross and microscopic examinations indicates that even when systemic 
effects are severe there are no effects of CBP-55 on abdominal viscera. It is 


characteristic of this type of halogenated compound that eye and upper respiratory 
tract irritation appears in a short time after exposure to the vapor. In this respect. 
it should be noted that exposure to as little as 3 ppm caused severe irritation in 
experimental subjects after an exposure of four minutes. In contrast, rodents sur- 
vived repeated one-hour exposures of 150 ppm without displaying signs of chronic 
poisoning. Irritation serves as an adequate warning of the presence of the vapor 
of these compounds. 
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There was no significant difference in the systemic toxicity of the two com- 
pounds after cutaneous application; the L. D.s9 for CBP-55 was 2.0 gm./kg. and 
the L. D.59 for DD was 2.10 gm./kg. Contact with even small quantities of these 
agents produced a severe degree of skin irritation. Quantitatively, there was a 
slightly greater irritation from CBP-55, although the difference was not marked. 
When comparing the two agents in regard to their eye irritating effects, however, 
it was observed that CBP-55 produced more intense irritation and destruction 
than did DD. 

The local anatomic changes produced in the tissues differed. CBP-55 rarely 
caused liver damage, and only after intragastric administration or the cutaneous 
application of large quantities. Liver damage was observed in several rabbits after 
cutaneous application of DD and also in a moderate number of mice and rats after 
intragastric administration. 

According to the classification proposed by Hodge and Sterner,’* CBP-55 
should be rated as slightly toxic after percutaneous absorption, moderately toxic 
after ingestion, and highly toxic after inhalation of the vapors. According to this 
classification, DD would have the same ratings after percutaneous absorption and 
ingestion but would be only moderately toxic on inhalation. Both CBP-55 and 
DD, however, should be designated as highly irritating to the intact skin, and they 
may produce severe eye damage on direct droplet contact. 


III. SAFE HANDLING OF CBP-55 

In the Shell Development Company Laboratories, it is the responsibility of 
each employee to keep working conditions as safe as possible for himself and others. 
Upon the management or the department heads falls the responsibility to see that 
conditions are as safe as it is practicable to make them and to insure that the persons 
working on the projects know the precautions to be taken. 

To meet this responsibility effectively, the management depends on information 
and recommendations from several staff groups. One of these groups is the Safety 
Committee, which is composed of technical and nontechnical personnel appointed 
by the manager of the Laboratories. 

Each time that a new process or synthesis is undertaken, the department head 
may request advice in regard to safe-operating procedures from the Safety Com- 
mittee or other staff group members (e. g., the safety engineer ‘7 and the toxicolo- 
gist). This practice has resulted in the dissemination of important information 
relative to the properties of various materials which might not otherwise have 
become available. The Safety Committee may appoint a subcommittee to give 
special study to each specific problem or process that arises. The subcommittee is 
composed of persons who are not directly connected with the operation of the 
process but who may have acquired familiarity with the problem from laboratory 
development of the material in question or from work with related compounds. 
The subcommittee is generally composed of three or four persons, one of whom is 
a member of the Safety Committee. This committee inspects the site of operations 
and the apparatus and equipment involved and, after reviewing the procedures 


17. N. W. Jacobsen. 
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that will be followed, submits written recommendations to the department head. 
The department head is responsible for reviewing these recommended safe-handling 
procedures and for putting the appropriate precautions into effect. 


Description of Operation—The manufacturing operation for CBP-55 was a batch process 
and was entirely enclosed. The charge was fed by gravity into a Pfaudler glass-lined reactor 
of 300 gal. capacity. The only exposure of personnel to reactants or to the finished compound 
occurred during drumming and filtering operations or at the time of equipment breakdown 
or clean-up. The process was confined to a single building of approximately 30,000 cu. ft. 
(849 cu. m.) in volume. Both positive forced-draught ventilation and exhaust ducts were used 


Fig. 1—Barreling operations, showing flexible ducts attached to the general ventilating 
system used to remove CBP-55 vapors at source, and protective equipment worn by the operator. 


in accomplishing 15 air changes per hour. In addition, local exhaust ventilation was provided 
by 6 in. (15 cm.) flexible ducts. Even at this rate of air exchange there was occasionally 
temporary discomfort at the point of barreling and filtering (Fig. 1). Mine Safety Appliance 
air-line respirators with a full face piece were found to provide adequate additional protection. 

The reactor system occupied part of a mezzanine deck as well as the main floor. The 
operating procedures required the operator to travel to both levels without removing his respira- 
tory protective equipment. In order that this could be done with a minimum of hindrance from 
the attached air-line, a guide ring extending several feet above the mezzanine handrail was pro- 
vided. The air-line hose was directed through this ring and then down to the main floor 
operating level. The hose was of sufficient length to provide the operator with necessary freedom 


to use both stairways to the deck, with access to an exit from the building in case of emergency 
(Fig. 2). 
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Protective Equipment and Procedures.—The transfer of operations presents the question of 
adjusting precautionary and protective methods accordingly. Laboratory handling of CBP-55 
required only those measures normally associated with the use of eye and skin irritants. The use 
of rubber or plastic gloves, suitable eye protection, and a fume hood allowed the work to con- 
tinue at the laboratory level without incident. 

Protective clothing consisted of rubber galoshes, woolen suits, and plastic aprons, gauntlets, 
and gloves. Personnel protective equipment made from plastic or plastic-impregnated material 
was selected when available. This choice was based on the findings of Calingaert and others,!§ 
who studied the penetrability of protective equipment by a related halogenated hydrocarbon. 
As an additional precaution, it was required that rubber and plastic protective equipment be 
washed, or hosed off with water, once every half hour. In the event of spillage upon gloves, 
shoes, or aprons, immediate cleansing was practiced. 


Fig. 2.—Opening reactor prior to clean-out operation. Guide ring extending above mezzanine 
handrail reduces the hindrance to movement created by the lengthy air line. 


Exposure during clean-out operations was practically eliminated by cleansing the reactor 
before entry by workmen. This was accomplished by charging the reactor with water and 
6 oz. of liquid detergent, heating the solution to approximately 100 C., and agitating for one 
hour. The reactor was then drained and washed by filling and overflowing with clean water. 
After a second similar treatment, the reactor was clean enough to permit workmen to enter. 
Entrance into the reactor was required to hand-dry it in preparation for other service or for 
repairing damage to the glass lining. Precautions normally required for tank entry were observed. 

Washing facilities for removing spilled material from the skin and the protective clothing 
included overhead deluge showers with quick-opening valves, face-and-arm showers regulated 


18. Calingaert, G., and Shapiro, H.: Permeability of Protective Glove Materials to Tetra- 
ethyl Lead and Ethylene Bromide, Indust. & Engin. Chem. 40:332-335, 1948. 
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to give diffused 12 in. (30 cm.) sprays, foot baths to remove the material from galoshes, and 
bottles of detergent and isopropyl alcohol to facilitate removal of splashed CBP-55 from the 
skin (Fig. 3). The overhead deluge shower consisted of a 1 in. (2.5 cm.) piping system 
controlled by a 1 in. Crane quick-opening valve. The valve was not spring loaded and required 
positive shut-off after operation. The shower head was a standard Speakman deluge head, 
which was designed to prevent clogging and to provide a soft, copious supply of water. The 
face-and-arm showers were of local design. They consisted of % in. (1.2 cm.) piping attached 
to a % in. Crane plug-cock provided to regulate the water spray to a maximum vertical stream 
of 12 in., a % in. Crane quick-opening valve similar to the one on the deluge shower, 3 ft. (91 
cm.) of plastic or rubber hose, and a 4 in. (10 cm.) perforated shower head to provide the spray. 


Fig. 3—Washing facilities consisting of (a) head shower, (b) bottle of isopropyl alcohol, 
and (c) face shower and foot bath (not shown). 


Each foot bath consisted of a section cut from the end of a 55 gal. drum to provide a water 
depth of 12 in. The bath contained a solution of water and detergent, and a long-handled brush 
was provided for scrubbing foot protectors. 


IV. HEALTH APPRAISAL OF EXPOSED PERSON NEL 


The health status of all persons who were involved in the manufacture or 
handling of CBP-55 was assayed by physical examination and clinical laboratory 
tests. Job classifications of those on whom appraisal was made included chemists, 
senior operators and foremen, operators, and maintenance personnel. The most 
continual exposure occurred among operators. Thirty-nine operators worked on 
the process ; of these, 16 had more than 50 hours of exposure. The mean exposure 
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time among these men was 200 hours, with a range of 51 to 576 hours. There was 
a total of 3,413 hours of exposure for all operators. Maintenance personnel under- 
went a relatively heavy exposure, but this was at infrequent intervals, associated 
only with equipment breakdown which occurred chiefly in the early stages of 
manufacture. Chemists and those in supervisory positions had but slight exposure. 
Most of the exposure occurred during the nine months of production. During 
months when production was not being carried on, all personnel was exposed to 
other chemical substances. A summary of data relative to the number of persons 
in the various job classifications, their ages, and degrees of exposure appears in 
Table 7. 


Tas_e 7—Summary of Vital Statistics and Number of Clinical Laboratory Values Falling 
Outside Normal Range in Various Groups of Employees Exposed to CBP-55 


No. of Tests Falling Outside Normal Limits 


Blood Urine Special 
= 
23 2 2 
=> 0 8 2 
aS 9 = 28s 
> 
Age No. Exposure ES 288 5 
Description Range Mean Group Degree Duration mera 3 3 
to heavy during 
operations 
Maintenance 30-50 40.2 4 Moderate Infrequent; 86 
personnel to heavy only during 
equipment 
breakdown 
Foremen 32-38 35.2 4 Slight Infrequent CS 
and senior over 18 
operators months 
Chemists + 40-48 44 2 Minimal Infrequent a 
over 18 
months 


*Only those operators having an exposure of more than 50 hours. 


The entire group of 49 persons who had contact with CBP-55 during the 18- 
month period ending March, 1952, were examined in this program. The periodicity 
of the examinations ranged from once a month to twice a year, depending on the 
intensity of exposure. 

The periodic examinations used in reviewing the health status of all personnel 
in industrial toxicology programs at the Shell Development Company are designed 
to afford a thorough appraisal of the possibility of unusual absorption of chemical 
agents. The basic physical examination procedure was not altered in examining 
personnel working with CBP-55. The clinical laboratory work was expanded to 
include special liver and kidney function tests in cases in which it was thought 
advisable to appraise further the function of these organs. The health appraisal 
included study of the duties of each man and of his potential exposure, a review 
of his current medical history, and a carefully conducted physical examination. In 
addition, certain special tests, such as measurement of minute-volume and vital 
capacity and appraisal of the cardiovascular system by the Master’s Test, were 
carried out. Clinical laboratory tests included the following: examination of the 
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blood, including hemoglobin values by the acid hematin photometric method, red 
cell count, white cell count, differential count, packed cell volume, sedimentation 
rate by the Wintrobe method, and icterus index by the photometric adaptation of 
the Bernhard and Mause technique; urine examinations, including albumin by the 
Purdy heat test, microscopic examination for formed elements, estimation of reduc- 
ing substances, acetone, occult blood, and bile; and special examinations, including 
the Mosenthal concentration-dilution test for kidney function and the liver function 
test with sulfobromophthalein sodium. 

A summary of the abnormalities found by these clinical tests appears in Table 7. 
The clinical tests were carried out on an average of three times for each person 
during the period of exposure. There were eight abnormalities in the blood count 
among the operators, four among the maintenance personnel, three among the fore- 
men and senior operators, and none among the chemists. None of the deviations 
from normal were considered to be significant. The icterus indices for five subjects 
were slightly elevated; however, other liver function tests failed to indicate any 
hepatic dysfunction. The results of the urine analysis showed one case of transient 
albuminuria and one case of acetonuria ; neither of these was considered significant. 
The results of the physical examinations were essentially negative. There was no 
disturbance in neuromuscular function, cardiovascular response, or respiratory per- 
formance, nor were there disturbances of any type that would indicate excessive 
absorption of a toxic chemical agent. 

Review of the toxicity data indicated that irritation of the eyes, upper respira- 
tory tract, and skin would constitute the chief problems. No lost time, accidents, 
or serious injuries occurred among the persons exposed. There were, however, 
28 cases of exposure of sufficient degree to cause the affected person to visit the 
first-aid room. Most of these exposures occurred during the early phases of pro- 
duction, when equipment breakdown was more frequent. Among the complaints 
of those who reported to the first-aid room for treatment were 8 cases of eye irrita- 
tion, 10 of skin irritation, and 7 of irritation of the respiratory tract. The only other 
significant systemic complaint was headache. Eye irritation was characteristically 
of short duration, and there were no cases of loss of corneal substance. In all cases 
of severe eye irritation, the cornea was stained with 2% fluorescein sodium solu- 
tion. Eye irritation was treated by gentle irrigation and administration of local 
anesthetic ophthalmic drops. Irritation of the eyes from CBP-55 subsides rapidly, 
and in this respect it differs from the more prolonged ocular discomfort which, in 
our experience, may result from such agents as allyl alcohol. Irritation of the 
respiratory tract was usually confined to the upper region, and there was no evi- 
dence of serious respiratory embarrassment in any subject. Ina few instances there 
were complaints of mild distress in the substernal region. This was of a transitory 
nature, and there was no evidence of pulmonary dysfunction, as measured by 
physical examination, or changes in minute-volume or vital capacity. In none of 
the subjects did nasal irritation or pharyngitis persist for more than 24 hours. On 
skin contact, primary and secondary burns occurred in eight persons. These burns 
were characterized by rather extensive erythema and persistent discoloration for 
periods as long as 30 days. None of the persons exposed showed sensitivity reac- 
tions, and skin irritation was limited to primary irritation. 
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SUMMARY 


Acute toxicity studies were carried out on rodents with CBP-55 and a related 
homologue DD by intragastric, cutaneous, and respiratory application. The results 
of these studies indicate that CBP-55 should be classified as a moderately toxic 
compound. 

Irritation studies of eye and skin indicate that CBP-55 is a decided primary 
irritant. 

The chief toxic effect of CBP-55 is irritation of the respiratory tract. Rarely 
did visceral damage occur. 

Sensory threshold studies in human volunteers indicated that CBP-55 is 
extremely unpleasant in concentrations above 5 ppm. 

Safe-handling precautions for the use of CBP-55 have been described. 

A health appraisal program indicated that no significant physiologic changes 
occurred in persons exposed during the manufacture of CBP-55. 


| 
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USE OF CALCIUM ETHYLENEDIAMINETETRAACETATE IN 
TREATING HEAVY-METAL POISONING 


Report of a Conference Held at Massachusetts General Hospital 


On Feb. 8, 1952, a meeting was held at the Massachusetts General Hospital, 
Boston, to discuss the use of EDTA in the treatment of heavy-metal poisoning. 
The conference was arranged by Dr. Harriet Hardy, of the Occupational Medical 
Clinic at Massachusetts General Hospital, so as to bring together research workers 
active in the experimental phases of the problem and qualified clinicians experienced 
in lead and other heavy-metal poisoning and interested in the use of the material 
m cases. 


Participants included Joseph C. Aub, M.D., Boston; Allan M. Butler, M.D., 
Boston; Randolph K. Byers, M.D., Boston; Harry Foreman, M.D., Los Alamos, 
N. Mex.; Harriet L. Hardy, M.D., Boston; Harold E. Harrison, M.D., Baltimore ; 
Benjamin Kissin, M.D., Brooklyn; George L. Maison, M.D., Boston; Martin 
Rubin, Ph.D., Washington, D. C., and Thomas L. Shipman, M.D., Los Alamos, 
N. Mex. 


After outlining the purposes of the conference and indicating the various 
aspects of the problem that would be covered by the different speakers, Dr. Hardy 
called on Dr. Harry Foreman to give orienting general information about EDTA 
and to present his work on the use of the material in accelerating the excretion of 
heavy metals. 


Dr. Harry ForEMAN, Member of the Scientific Staff, Los Alamos Scientific 
Laboratory, Los Alamos, N. Mex.: 


EDTA is the abbreviation of ethylenediaminetetraacetic acid, a compound 
known commercially by various names, such as versene,” “‘sequestrene,” and “nul- 
lapon.” The structures of the sodium salt and of its calcium chelate, a derivative of 
particular interest in biology, are presented in Figure 1. 


Interest in EDTA arises from its ability to combine with metal ions to form 
nonionic water-soluble complexes or chelates. By the process of chelation, 
EDTA can dissolve such ordinarily insoluble salts as calcium oxalate, barium sul- 
fate, and lead phosphate in the neutral and alkaline pH ranges. It is this “solu- 
bilizing” property that suggests the use of this agent for mobilizing heavy metals 
from bone. 


The use of chelating agents in this manner has been previously suggested. Kety 
pointed out that citric acid might be used advantageously for mobilizing lead, 
because it combines with lead in a nonionic form as a complex. Similarly, other 
agents, such as dimercaprol (“BAL”) and sodium pyrocatechol disulfonate, form 
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complexes with lead and have been tried in lead poisoning. However, of all the 
compounds considered, EDTA appears to be the most promising because of a 
unique combination of characteristics necessary for in vivo chelation. 

EDTA is a very powerful chelating agent, as consideration of the stability con- 
stants presented in Table 1 indicates. Examination of the data in the table shows 
that EDTA forms a much stronger bond with lead than does citrate (it must be 
emphasized that the figures given are logs, and therefore this difference, 18.2 as 
compared with 6.5, is a very large factor) ; hence EDTA has a far greater possi- 
bility for dissociating lead from bone. Likewise, the data reveal that EDTA has 
a strong affinity for calcium, 10.6, as compared with a calcium affinity of 3.22 for 


Na0-C-CH, Na 
NaO-C-CHy 
NaO-C-CHy Qi, -C-O Ne 
" 


Fig. 1—Structures of EDTA and its calcium chelate. 


Tas_e 1.—Stability Constants of EDTA and Citrate 


EDTA Log Kx, Citrate Log Kx, 
voces 10.59 Ca citrate 3.22 
18.2 Pb citrate 5.7-6.5 


citrate. The ability to bind the calcium ion is borne out in vivo since doses of 
approximately 400 mg./kg. injected intraperitoneally into rats produced death in 
hypocalcemic tetany in a few minutes. When introduced fully combined with cal- 
cium as the calcium chelate, however, the toxicity is largely eliminated, since serum 
calcium levels are undisturbed and a negative calcium balance is prevented. 
Although combined with calcium, the agent still will chelate lead because of the 
much greater stability constant of Pb EDTA; i. e., lead will displace the calcium 
from the combination with EDTA. From a similar consideration of stability con- 
stants, one can predict that EDTA will not remove magnesium, barium, or stron- 
tium from the body to any extent because of its preferential avidity for calcium. 

In addition to powerful chelating ability, EDTA is advantageous for in vivo 
application, because it forms water-soluble chelates which are readily excreted. 
Moreover, during the process of mobilizing metals, the toxic effects resulting from 
the release of free ions (i. e., lead) into the circulatory system are not observed, 
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since the metal is carried in the blood as a nonionic complex. There are many 
agents which form strong combinations with metal ions, but because of the insoluble 
nature of the complexes they would tend to fix rather than to remove the metals 
from the body. Studies with carbon-labeled EDTA show that 60 to 70% of the 
drug is excreted within two hours and 90 to 95% within six hours when given intra- 
venously. Moreover, the agent is not broken down in the body but is excreted 
intact, still combined with the metal. This is as compared with citric acid which, 
although a good complexing agent, is rapidly metabolized and in this measure is 
limited in its effectiveness for this type of application. 

It is axiomatic that compounds used in vivo should be relatively nontoxic, i. e., 
that there should be a wide range between the effective therapeutic dose and the 


100; 20mg Co-EDTA 
2hrs IV 


25mg Ca-EDTA 
{11 TWICE DAILY 


INTRAPERITONEAL 
. 
20mg Ca-EDTA 25mg Co-EDTA —#— INTRAMUSCULAR 
— @ — STOMACH TUBE 


2 
= 
= 
2 
= 


Fig. 2—Effect of Ca EDTA on the urinary excretion of yttrium. 


toxicity dose. EDTA fulfills this criterion especially when used as the calcium 
chelate, since under these conditions the L.D.59 for rats receiving injections intra- 
peritoneally is 3 gm./kg., whereas the effective doses have been found well below 
the region of 500 mg./kg. 

From these considerations one could predict that EDTA should be an effective 
agent for mobilizing heavy metals. This is actually borne out by the experimental 
evidence. In Figure 2 the effect of Ca EDTA on the urinary excretion of yttrium 
is presented. Four groups of rats were given intravenously administered injections 
of yttrium chloride. At given time periods later, Ca EDTA was administered by 
various routes. Calcium EDTA, when given 2 hours after the administration of 
yttrium, resulted in 67% of the yttrium being excreted at the end of 24 hours, as 
compared with an excretion of 25 to 30% in the untreated animals for the same 
time period. When Ca EDTA was administered daily during the 20-through- 
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23-day period, the level during the time of administration rose 5 to 10 times over 
the level in the time periods before and after administration, i. e., from the range 
of 0.07 up to 0.7%. There was little difference in the results noted after various 
methods of administration, whether intraperitoneally (1.P.), intramuscularly 
(1.M.), or by stomach tube. During the 48-through-52-day period, the adminis- 
tration of the chelate accelerated the excretion from the base level of 0.07% up to 
as high as 1.75%, a factor of 20 to 25 times. 

In Figure 3 the effect on the excretion of another heavy metal, americium, is 
shown. Here a single injection of 100 mg. of Ca EDTA, given intraperitoneally 
one-half hour after the americium was given intravenously to rats, resulted in a 25% 
excretion in the urine in 24 hours, as compared with a 1% excretion in the 
untreated animals during the same period. Several days later the animals were 
started on a diet containing 3% Ca EDTA. Urinary excretion of americium jumped 
to levels 5 to 10 times over the levels of the controls. 


ZZZZACONTROLS 
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Fig. 3.—Effect of Ca EDTA on the urinary excretion of americium. 


Figure 4 illustrates the effect of Ca EDTA on the urinary excretion of lead. 
Two groups of rats received intravenous injection of Pb nitrate, 10 mg. per animal. 
The animals of one group were each given intraperitoneal injections of 100 mg. of 
Ca EDTA four times daily, starting two hours after the lead was introduced. 
The other group, the controls, excreted less than 5 y of lead daily in the urine, as 
compared with 525 y on the first day and decreasing amounts on succeeding days 
for the treated animals. On the sixth and seventh days the groups were 
reversed; the controls were given Ca EDTA, and the experimental animals were 
left untreated. A reversal of excretion levels resulted. 

While it is of interest that Ca EDTA will bring about increased amounts of 
heavy metal excretion in the urine, it is more important to know the effect of 
treatment on the distribution of the metal and the over-all excretion, including the 
feces. This information is presented in Figure 5 which shows the results when 
a group of rats which had received injections of plutonium were treated for 16 days 
with 100 mg. of Ca EDTA administered intraperitoneally four times daily, starting 
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two hours after the plutonium was injected intravenously. It can be seen that the 
enhanced urinary excretion was somewhat at the expense of fecal excretion, but the 
over-all excretion was greater than in the control group. The excess of the metal 
excreted came principally from the skeleton. 

In summary, it can be said that theoretically EDTA should be of value in the 
treatment of heavy-metal poisoning in that it has a number of suitable characteris- 
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Fig. 5.—Distribution of plutonium following treatment with Ca EDTA. 


tics for this purpose; namely, it is a nontoxic, powerful chelating agent which 
forms water-soluble chelates that are readily excreted intact. Experimentally, it 
has been shown that it does accelerate the excretion of heavy metals in rats. 
Whether this agent will be effective in humans remains, of course, to be seen, but 
because it is nontoxic (there is much evidence for this in humans) and because 
there is a good rationale for using it in such an application, I think definitely it 
should be given a trial in cases of lead poisoning. 
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As the second speaker Dr. Hardy introduced Dr. Martin Rubin, of Georgetown 
University. He spoke on the effect of EDTA on the excretion and distribution of 
lead in rabbits and presented his experience with EDTA in the treatment of a 
3-year-old child suffering from lead poisoning. 

Dr. Martin Rustn, Associate Professor, Chemo-Medical Research Institute, 
Georgetown University, Washington, D. C.: 

As was indicated by the previous speaker, EDTA rapidly lowers serum calcium 
levels by virtue of its strong affinity for calcium ions. This is the mechanism of 
the acute toxicity produced by rapidly administered large doses of the drug. The 
ultimate course of events is death in hypocalcemic tetany. When EDTA is admin- 
istered slowly, hemostatic mechanisms are evoked which tend to maintain serum 
calcium ion levels. Calcium is mobilized from skeletal reserve stores.1_ Laszlo and 
Schilling present evidence of this in humans.?, They administered EDTA intra- 
venously in doses of 2 to 4 gm. daily over a period of five days. There was very 
little alteration in serum calcium levels; yet balance studies showed a considerable 
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Fig. 6.—Urinary excretion of lead when administered as the EDTA chelate, and following 
administration of Ca EDTA. 


loss of calcium from the body, as indicated by increased urinary calcium excretion. 
EDTA was used as a means of “controlled bone lysis.” When EDTA is used as 
the calcium chelate, there is no such change in calcium balance. A human with 
beryllium poisoning was given a total of 99 gm. in single doses up to as much as 
10 gm. per day, with no alteration in serum calcium levels.* 

The combination of metal ions in a nonionic form, such as an EDTA chelate, 
markedly influences the toxicity of the metals. The nickel ion is 70 times as toxic 
as its EDTA chelate; the calcium ion is 100 times and the copper and beryllium 
ions 4 times as toxic as their chelates. This has been interpreted as an indication 
that the binding of a given metal with EDTA as a chelate is strong enough to be 
maintained in the presence of the many naturally occurring complexing agents in 


1. Popovici,, A.; Geschickter, C. F.; Reinovsky, A., and Rubin, M.: Experimental Control 
of Serum Calcium Levels in Vivo, Proc. Soc. Exper. Biol. & Med. 47:415-417, 1950. 

2. Laszlo, D.: Schilling, A., and Spencer, C.: Personal communication to M. Rubin. 

3. Van Ordstrand, H. S.: Personal communication to the authors. 
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the body and further that the combination is nonmetabolized and readily excreted. 
Further support for this view follows from a consideration of the organ distribu- 
tion and the urinary excretion curve for lead when administered as the EDTA 
chelate, as shown in Figure 6 and Table 2. As may be seen from the curve, about 
70% of the injected dose of lead may be recovered in the urine of rabbits, within 
48 hours, as compared with the urinary lead recovery of between 1 and 3% of the 
injected dose when lead acetate is injected over a 20-day period. 

For application to the general problem of plumbism, a more significant ques- 
tion is whether it is possible to mobilize and cause the excretion of lead when it 
has been previously deposited in the animal. Calcium EDTA has been studied for 
its effect on the mobilization and excretion of deposited lead. Use of this com- 
pound rests on the in vitro observation that the stability constant of the 
Ca EDTA chelate is about 10* times weaker that that of the Pb EDTA combina- 
tion. Consequently, the administration of the nontoxic Ca EDTA complex could 
result in the exchange and excretion of the lead as the Pb EDTA chelate. This 
process has been shown to occur in vivo. It may be noted from results of the 


TaBLe 2.—Organ Distribution of, Injected Lead and Effect of EDTA Chelates* 


Ca EDTA 
Pb A 
Tissue J Acetate 


* Results expressed as per cent of dose of injected Pb. 


experiment plotted in Figure 6 that after the intravenous injection of lead acetate 
the intravenous administration of Ca EDTA was followed by the rapid urinary 
excretion of lead. The assay of lead in the tissues of these animals reveals the 
anticipated shifts in distribution. It may be noted that the absolute quantity of 
lead in typical soft tissue is markedly decreased, as compared with the lead ace- 
tate in the controls. The bone lead values also show a considerable decline over 
those of the controls.. The relatively greater decrease in the soft-tissue lead con- 
tent as compared with the bone lead decrease points to the greater relative 
efficiency of the present experimental technique in the removal of lead from the 
soft-tissue depots. Of particular note is the absence of lead from the soft tissues 
of the animal which was initially given an injection of lead as the EDTA complex, 
as shown in column 1 of Table 2. 

Calcium EDTA has been used in a case of acute plumbism in a child. The 
marked immediate clinical improvement coincided with the administration of the 
drug. Of interest in this case is the fact that the original neural involvement 
which subsided with Ca EDTA therapy has not recurred in a year of observation. 


4. Bessman, S. P.; Reid, H., and Rubin, M.: Treatment of Lead Encephalopathy with 
Calcium Versenate, Med. Ann. Dist. of Columbia, June, 1952. 
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The child seems normal and asymptomatic. Similar results have been obtained 
with two other patients suffering from acute lead poisoning who were treated by 
our group. 

Lead analysis on blood and urine done by us prove the coincidence of lead 
mobilization and excretion under Ca EDTA therapy in three additional cases of 
acute lead poisoning in adults * and one case in a child.® 

Dr. Hardy next called on Dr. George Maison of the Department of Pharma- 
cology, Boston University School of Medicine, to discuss the toxicity of EDTA. 


Dr. Greorce Maison, Assistant Professor Department of Pharmacology, 
Boston University School of Medicine: 

Toxicity studies have been performed by Dr. Robert O. Bauer on both Ca and 
Pb complexes of EDTA. Results are summarized in Table 3 for the calcium 
derivative. Results with the lead derivative similarly reflected a high tolerance, 
though the latter is definitely more toxic than the former. One other striking 
finding was that in the rabbit Pb EDTA was not as well tolerated intraperitoneally 
as it was intravenously. 


TaBLe 3.—Toxicity Studies on Ca EDTA Tolerated Without Fatality 


Single Dose Multiple Doses 
A. 
No. of No. of No. of 
Animals Animals Daily 
Tested Mg./Kg. Route Species Route Tested Mg./Kg. Doses 
10 3,000 Mice weeds oo 
6 2,000* Rats LP. 6 2,000 15 
‘sai eames Rats I. P. 6 1,000 30 
Rats 6 100 150 
Pigeons LP. 12 150 70 
5 2,000 Rabbits 1. P. 12 300 5 
6 250* IP Cats j HN 6 250 2 
5 2,000 he Dogs is, 9 300 5 
Dogs 10 200 35 


* Higher doses are being studied. 


The syndrome which preceded death due to subacute or chronic administration 
of either complex was characteristic. Over the terminal three or four days the 
animals of all species became anorectic. They refused water and as a result pre- 
sented a dehydration which was most striking. They were inactive during this 
terminal period. 

Laboratory examinations of urine and blood have revealed no abnormalities. 
Bone marrows studied in rats and dogs after prolonged administration of Ca EDTA 
by Dr. Charles Emerson have been normal. 

Pathologic examinations of many tissues in the several species have been made 
by Dr. Caesar Tedeschi. Abnormalities have been found in only the livers and 
kidneys of the dogs. The changes seen were of the nature of vacuolar degenera- 
tion of the renal epithelium and of the hepatic cord cells. These changes were 
present in control canines, both untreated and saline-treated. It was concluded 
that a nonspecific intercurrent change unrelated to the agent was responsible. 
Both leptospirosis and infectious canine jaundice were suspected, but correlation 
was not proved. 


5. Belknap, E. L.: Personal communication to the authors. 
6. Ahrens, E. L.: Personal communication to the authors. 
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Safe concentrations of Ca EDTA for the intravenous route appear to range 
upward to saturation (40%), though above 10% very rapid administration 
(1 gm./kg.) is accompanied occasionally by collapse which is apneic and may be 
fatal. The isotonic concentration is of the order of 3%. 

From our toxicity studies the following inferences have been drawn as to 
maximal safe limits for trial in man: 

The intravenous drip is the only parenteral method recommended at present. 
The concentration should not exceed 3%. Maximum doses per hour should not 
exceed 0.5 gm. per 30 Ib. (13.6 kg.) of body weight. Maximum dose per day 
should not exceed 1.0 gm. per 30 Ib. of body weight. Maximum dose per week 
should not exceed 5.0 gm. per 30 lb. of body weight. A week’s rest should be 
provided after a course of 7.5 gm. per 30 lb. of body weight. It would seem wiser 
not to repeat such a course more than twice without a prolonged period without 
therapy. 

The oral route is also feasible for Ca EDTA. A dose of 1 gm. has produced 
no subjective response in any of the six subjects in our laboratory. Dr. Chester 
White has attempted to analyze the 24-hour urine specimens of these subjects for 
EDTA. His preliminary results suggested that only 1.5 to 4.5% of this dose 
appears in the urine within this time. It is not known whether this implies 
failure of absorption or excretion by extrarenal routes. For feeding studies in the 
laboratories of Dr. Foreman, Dr. Rubin, and ourselves, we infer that a dosage of 
30 mg. per kilogram per day should be safe for at least limited periods. 

Our efforts to demonstrate the efficacy of Ca EDTA in the therapy of animal 
lead poisoning have been unsuccessful because of the vagaries of animal lead 
intoxication. We have used the technique of Hanzlik employing lead shot in the 
crop sack of fowl, but the variability of toxicity has prevented detection of 
improvement. 


As the last speaker, Dr. Hardy introduced Dr. Benjamin Kissin. He spoke on 
other clinical uses of EDTA and presented his data on the use of the material in 
lead poisoning in rabbits. 

Dr. BENJAMIN Kissin, Brooklyn Jewish Hospital: 


EDTA was found to be effective in dissolving certain types of renal calculi, 
namely, those containing calcium. The drug was used as a 3% solution for ure- 
teral irrigation. Although the material was successful in the dissolution of the 
stones, it was found to be far too irritating to the bladder mucosa to be considered 
for routine use. The mechanism for the production of the bladder pain was postu- 
lated to be related to the removal of magnesium ions from the nerve endings. 

Our studies on EDTA in lead poisoning indicate that the drug is much more 
effective prophylactically than as a therapeutic agent. A series of eight rabbits 
received daily intravenous injections of a dose equivalent to 25 mg./kg. of Pb 
acetate. There was a 100% mortality after three or four days. When another 
group of rabbits was treated similarly, except that 150 mg./kg. of EDTA was 
administered at the same time as the Pb acetate was injected, all of the animals 
were still alive at the end of two weeks. When the EDTA was administered 
24 hours after the Pb acetate was given under the same conditions, the mortality 
was essentially the same as that in the control animals; namely, all of the animals 
died within two weeks. 
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The prophylactic effect is illustrated by the following test-tube experiment. 


1. When Pb acetate is added to K chromate, a precipitate (Pb chromate) is formed. 
2. When Pb acetate and EDTA are added to K chromate, no precipitate is formed. 


3. When EDTA is added to the precipitate formed by Pb acetate and K chromate, the precipi- 
tate does not dissolve. 

4. When EDTA and a dispersing agent, sorethytan (20) monooleate (tween® 80), are added 
to the precipitate formed by Pb acetate and K chromate, the precipitate appears to go into 
solution to a certain extent. 


Based on this observation, a group of rabbits received injections of Pb acetate 
in a manner indicated above and 24 hours later injections of EDTA and sorethytan 
(20) monooleate. The mortality among them did not differ significantly from 
that of the control animals. 


Dr. Hardy requested three clinicians and a pediatrician to offer comments on 
the papers presented. The clinicians included Dr. Joseph C. Aub, Dr. Allan M. 
Butler, and Dr. Randolph K. Byers, and the pediatrician was Dr. Harold E. 
Harrison. 

Dr. JosepH C. Aus, Massachusetts General Hospital: 


I am very much interested in the studies on the enhancement of the excretion 
of radioactive materials. In our studies with radium, one of the problems which 
concerned us was a possibility of producing radiation damage in the kidney as a 
result of concentration of the radioactive materials in that organ. With isotopes of 
high specific activity, this could be a real danger. In such situations one would 
have to consider the modifications of the therapy so that the flow of radioactive 
materials through the kidney could be kept at safe radiation levels. 


The results on the accelerating excretion of lead in animals are encouraging. 
I should like to see in the case of lead more data showing the effect of the treat- 
ment on fecal excretion, as well as on urinary excretion, as was illustrated by 
one of the speakers on plutonium studies. The excess excreted in the urine may 
well be compensated by a loss in the feces. 


I find it interesting that the transport of the mobilized lead is in a form of a 
nonionic complex. This may well answer the observations of those who advocate 
no treatment in cases in which lead is well fixed in bone. I should like to see more 
definite indication that the heavy metals are actually being removed from the 
skeleton, whether this metal be a radioactive element or lead. I think the success 
of the agent in mobilizing the metal from the skeleton depends upon the mode of 
incorporation of the material in the crystal lattice of bone. If the material ion 
forms mixed crystals with the bone salt, then the task probably is much more 
difficult than if the foreign metal ions are merely deposited on the surface of the 
lattice structures. 


Dr. ALLAN M. Butter, Massachusetts General Hospital : 


I am impressed: by the fact that we may have here a really high-powered 
method of producing decalcification, as compared with the previous methods which 
involved diets, acidification, etc. I think it would be most interesting to use 
Na EDTA judiciously instead of Ca EDTA so that the mobilization of lead might 
be brought about by decalcification as well as by chelation. 
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Dr. RanpotpH K. Byers, Massachusetts General Hospital : 


Even if the agent is of limited value therapeutically after the lead has been well 
fixed in bone, it could have considerable usefulness as a prophylactic agent. Lead 
poisoning in children often follows a course of apparent recovery from the acute 
phase, but with the development of bouts of fever associated with tonsillitis or 
otitis media that occur so frequently in children, the acute symptoms of lead 
poisoning reappear. Moreover, each time there is a residual of brain damage, as 
evidenced by various degrees of lethargy and dullness as compared with the activ- 
ity of the child prior to acquiring the illness and with the activity of children of 
the same age. The heightened metabolic rate appears to mobilize lead from bone. 
Calcium EDTA administered at the onset of the febrile episode could possibly 
prevent the development of the ill effects of the free lead ions in the blood stream. 
This indeed would be a very valuable contribution. 

Dr. Harotp E; Harrison, Associate Professor, Department of Pediatrics, 
The Johns Hopkins University School of Medicine; Pediatrician-in-Chief, Balti- 
more City Hospital: 

Notwithstanding recent legislation and other precautions for the prevention of 
lead poisoning, this is stiii a serious and important health hazard. During the past 
year seven children died of lead poisoning in Baltimore, and a number of children 
survived with severe central nervous system injury. There may be many instances 
of lead poisoning from which children have recovered, with permanent residua in 
those in whom the disease was undiagnosed. 

I wonder if it might not be an interesting idea to try to develop a compound 
which forms insoluble chelates. Such an agent could be given orally in an attempt to 
draw lead out of the blood stream into the intestine for excretion by that route and 
to prevent absorption of ingested lead in children with pica which cannot be con- 
trolled by parents. 


Dr. THomas L. SurpmMan, Los Alamos Scientific Laboratory : 


I should like to add a word of caution since EDTA is readily absorbed through 
the skin and, when taken in this manner, has just as great an effect on serum 
calcium as when given by any other route. Persons handling the material should 
be aware of this and should take the simple precautions that are necessary to pre- 
vent skin absorption. 
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N RESPONSE to the considerable interest which has been expressed in cal- 

cium ethylenediaminetetraacetate (Ca EDTA),’ a new drug which shows 

promise in the treatment of heavy-metal poisoning, we are suggesting a protocol for 
the use of the drug in lead intoxication. 

The purpose of suggesting a uniform mode of treating patients with this drug 
is to promote the use of case material as efficiently as possible in gathering informa- 
tion about the drug. It is hoped that during these initial stages the trial of the drug 
will be limited to experienced clinical investigators with adequate facilities for 
observation and follow-up of the patients. 

As an aid to such investigators, we have summarized the experience in the use 
of the drug in humans to date and are indicating a dosage schedule based on toxicity 
studies in animals. These studies were carried out by Dr. George Maison of the 
Department of Pharmacology, Boston University School of Medicine.? 

Mr. Manfred Bowditch, Director of Health and Safety of the Lead Industries 
Association, has agreed to hold a registry of such protocols of cases of lead poison- 
ing treated with Ca EDTA in his office at 420 Lexington Ave., New York 17. 
It is planned by this means to make the information collected centrally available 
for study. 


1. (a) Bessman, S. P.; Reid, H., and Rubin, M.: Med. Ann. Dist. Columbia, June, 1952. 
(b) Sidbury, J. B.: Personal communication to M. Rubin. (c) Belknap, E. L.: Indust. Med. 
21:305, 1952. (d) Van Ordstrand, H. S.: Personal communication to the authors. (e) 
Proescher, F.: Pie Soc. Exper. Biol. & Med. 76:619, 1951. (f) Laszlo, D., and Schilling, A.: 
Personal communidation to M. Rubin. (g) Gellhorn and Schaglen-Edwards: Personal com- 
munication to M. Rubin. (h) Grant, W. M.: Personal communication to M. Rubin. (7) 
Gehres, R. F., and Raymond, S.: J. Urol. 65:474, 1951. (7) Abeshouse, B., and Weinberg, T.: 
J. Urol. 65:316, 1951. (k) Kissin, B., and Natelson, S.: Science 112:367, 1950. (1) Popovici, 
A.; Geschickter, C. F.; Reinovsky, A., and Rubin, M.: Proc. Soc. Exper. Biol. & Med. 74:415, 
1950. (m) Popovici, A.; Geschickter, C. F., and Rubin, M.: To be published. (”) Geschickter, 
C. F.: Effect of Chelating Compounds on Bodily Distribution of Radio Calcium, read before 
meeting of Bio-Medical Program Directors, New York, Feb. 20, 1951. 

2. Ca EDTA may be obtained by writing Riker Laboratories, Inc., 8480 Beverly Blvd., Los 
Angeles. 
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PROTOCOL FOR THE USE OF CA EDTA IN LEAD INTOXICATION 
Aims 
1. To test the efficacy of Ca EDTA in accelerating the excretion of lead in humans 
2. To determine the toxic effects of Ca EDTA, if any 
3. To obtain data for establishing an optimum dosage 
4. To determine the best mode of administration of the drug 
Necessary Clinical Data 
Name, sex, and age 
Home address 
Physician in charge 
Hospital 
Occupational history in the case of an adult 
Exposure history in the case of a child 
Medical history and examination 
1. Character of onset 
2. Clinical course, including response to previous therapy 


3. Pretreatment physical examination, with particular attention to 


(a) Lead line of the gums 
(b) Involvement of the peripheral nerves by weakness or palsy of extensor muscles 
(c) Visible jaundice 
(d) Involvement of central nervous system, i. e., encephalopathy 
Medical examination during treatment 
1. Evidence of side, or toxic, actions in 
(a) Cardiovascular system 
(b) Gastrointestinal tract 
(c) Genitourinary tract 
(d) Central nervous system 
(e) Peripheral blood and bone marrow studies where possible 
2. Appraisal of effects, both objective and subjective 
Medical examination after treatment 
1. Careful observation for possible reactions for at least a month and at intervals thereafter, 
depending on circumstances 
Necessary Laboratory Data 
1. If feasible, starting one week before the beginning of treatment, collect daily urine speci- 
mens and/or blood samples for lead assay ; continue daily assays for two or three days fol- 
lowing cessation of treatment; when possible, coproporphyrin studies should be done on 
the urine 
2. Hematological tests to be made include hemoglobin values, white blood cell count, differen- 
tial count, stippled cell count, reticulocyte count, hematocrit reading, bleeding and clotting 
time, and bone marrow biopsy (or direct smears if removal of marrow for biopsy is 
deemed impractical )—one set of values in pretreatment 
3. Routine urine analysis and Addis count 
4. Further studies should include serum calcium and phosphorus levels, if possible, total pro- 


tein, albumin-globulin ratio, nonprotein nitrogen level, prothrombin time, and presence of 
urine urobilinogen 

For close follow-up of the patient, it is urged that certain laboratory tests should be made 

daily during treatment. These tests include hemoglobin values, white blood cell count, differen- 

tial count, stippled cell count, serum calcium and phosphorus levels, prothrombin time, and 

presence of urine urobilinogen, blood lead and/or urinary lead, and primary coproporphyrin, if 

quantitative test is available. Other tests should be made as frequently as seems practical or as 
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circumstances indicate. This follow-up should continue for three to seven days after the 


last administration of the drug and then for longer intervals as seems wise to the investigator. 
Suggested Dosage 


1. Route by intravenous drip only ; dose of not more than 0.5 gm. per 30 Ib. (13.6 kg.) of body 
weight per hour 

2. Total dose limited to 1 gm. per 30 Ib. of body weight for 24 hours 

3. Maximum total dose per week (7 days) of 5 gm. per 30 Ib. of body weight in divided doses 


4. Individual courses of treatment limited to 10 days, with a one-week rest period between; 
maximum dose of 7.5 gm. per 30 Ib. of body weight over 10 days 


COM MENT 


The use of ethylenediaminetetraacetic acid (EDTA) in humans is still so recent 
that very few reports have reached the stage of publication. Most of the information 
contained in the accompanying table was obtained by personal communication with 
those presently engaged in the work. Because of the current nature of the work, the 
compilation necessarily is not complete. It covers, however, most of the cases up 
to July, 1952. It is surprising that, in view of the recent application of this agent 
to biological problems, there have already been more than 100 instances in which 
the drug or its chelates were administered to humans. 

Of the eight patients with lead poisoning treated with Ca EDTA, five were 
children and three adults. In the four children whose cases were acute there was 
marked alleviation of symptoms within several hours of treatment. In every patient 
in whom urinary Pb assays were determined, there was considerable enhancement 
of Pb excretion following treatment, up to a factor as high as 20 in one person. 
There was no evidence of toxicity from the use of the drug, nor were there symp- 
toms associated with the mobilization of Pb. The highest single dose of Ca EDTA 
administered was 10 gm. given to a patient with berylliosis. This patient received 
a total of 94.9 gm. over a period of 22 days. In a very large series, the uncomplexed 
acid was used as an anticoagulant for transfusions into patients. Even in persons 
receiving multiple transfusions there was no evidence of ill effect. In other patients 
the EDTA was given experimentally to study Ca metabolism. In one striking inci- 
dence, a patient with terminal carcinoma with osteolytic lesions, in whom the 
serum Ca levels were as high as 25 mg./100 cc., a single dose of 20 gm. of EDTA 
was administered intravenously in 20 minutes, and the serum Ca level was brought 
down to 8.8 mg./100 cc. in one hour. In other experimental studies, the Ni and 
Mg chelates were administered. The use of the Mg chelate resulted in appreciable 
depression of the serum Ca and P levels. This is to be expected in view of the fact 
that Ca will displace Mg from combination with EDTA and will be removed from 
the body as the chelate of the EDTA. Other human applications included such 
uses as ureteral irrigation to dissolve calculi and eyewashes to remove calcific 
deposits. Topical applications in the form of water-soluble ointments indicate that 
EDTA is readily carried through the skin. 

The low toxicity of Ca EDTA is explained by the findings in studies using the 
C'*-labeled material. The material is excreted unchanged. All of the drug can be 
accounted for in the excreta. Sixty to 90% of the administered drug is present in 
the urine after 6 hours, 95 to 99% after 25 hours. The remainder is in the feces. 
Distribution studies reveal no unusual localization of the drug in any organ during 
the time the material is in the body. 


BUSCOPAN IN TREATMENT OF EXPERIMENTAL POISONING BY 
PARATHION, METHYL PARATHION, AND SYSTOX 


WILLIAM B. DEICHMANN, Ph.D. 
AND 


ROMAN RAKOCZY, Dipl.ing.Chem. 
ALBANY, N. Y. 


HE MANUFACTURE and application of parathion and similar organic 

phosphate insecticides (originated by Farbenfabriken Bayer) have for some 
time been increasing at a tremendous rate. Unfortunately, several poisonings and 
fatalities have occurred. Since treatment of an intoxication to be lifesaving must be 
instituted most promptly and since only one drug—atropine—is known to antago- 
nize effectively certain properties of these compounds, it has appeared most essential 
to search for new antidotes. It was speculated that a ganglionic blocking agent, 
particularly a drug blocking primarily the parasympathetic ganglia, might be more 
effective than one such as atropine sulfate, which blocks mainly the muscarinic 
effects. Review of the literature focused our attention on buscopan, the pharmaco- 
logic action of which has been discussed by Wick* and Hardt and Hotovy.? 

Chemically, buscopan is scopolamine n-butyl bromide. When compared in animals 
given similar doses of atropine, buscopan is less toxic and produces less tachycardia, 
mydriasis, and stimulation of the central nervous system. It is potent in reducing 
rhythmic contractions of the alimentary tract but is less effective in reducing tonus. 
Its effectiveness in the control of nicotine-induced tremors is marked. 

The antidotal action of buscopan was compared with that of atropine, of the 
Compound GT-158, a ganglionic blocking agent of the Schieffelin Company, and of 
bistrium, the hexamethonium bromide of Squibb. In addition, some of the animals 
were given glucose, as previously recommended by Hecht *; oxygen, as suggested 
by Hecht,* Atkinson,* Hamblin,® and Lerner,® and a barbiturate. Thiopental sodium 
(pentothal® sodium), was suggested by Atkinson * and Lerner,® in the event that 


This investigation was supported by a grant from the Chemagro Chemical Co., New York. 

From the Division of Pharmacology, Department of Physiology and Pharmacology, Albany 
Medical College. 

This paper was presented at the Seventeenth Annual Assembly of the International College 
of Surgeons, Chicago, Sept. 2, 1952. 

1, Wick, H.: Pharmakologie des Buscopan, Arch. exper. Path. u. Pharmakol. 213:485, 
1951. 

2. Hardt, A., and Hotovy, R.: Cited by Wick. 

3. Hecht, G.: Personal communication to the authors. 


4. Atkinson, W. J., Jr.: Treatment of Phosphate Ester Poisoning, City Hosp. Bull. Mobile, 
Ala. 20:15,1951. 


5. Hamblin, D. O., and Marchand, J. F.: Phosphate Ester Poisoning: A New Problem 
for the Internist, Ann. Int. Med. 36:50, 1952. 


6. Lerner, J. S.: The Nerve Gases, Cholinesterase Inhibitors, Indust. Med. 21:25, 1952. 
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convulsions should complicate an intoxication. Nikethamide was also given consid- 
eration because of the recent publication by DiStefano, Hurwitz, Neuman, and 
Hodge.’ They found that the administration of nikethamide and atropine was con- 
siderably more effective in the treatment of rats poisoned by ethyl p-nitrophenyl 
thionobenzene phosphate (EPN) than was atropine alone. 


EXPERIMENTAL METHODS EMPLOYED 


Albino rats of Wistar stock weighing from 120 to 190 gm. were employed for 
these studies. They were kept supplied with food and water at all times. The organic 
phosphates administered included parathion (diethyl p-nitrophenyl thionophosphate 
—DE-PNTP), methyl parathion (dimethyl p-nitrophenyl thionophosphate— 
DM-PNTP), and systox (diethoxythiophosphoric ester of 8-ethylmercaptoethanol ). 
Each was administered by stomach tube as a 1% solution in corn oil. All antidotes 
(except oxygen) were administered intraperitoneally immediately after an oral dose 
of a phosphate. The buscopan employed for these studies was supplied by H. Wick, 
of Firma C. H. Boehringer, Ingelheim, Germany. After treatment, all animals 
were kept under observation for 8 to 10 days. 


DOSE OF ANTIDOTE ADMINISTERED 


Each antidote (except oxygen) was administered only once to an animal. (Prior 
to the investigation reported here, both buscopan and atropine were administered 
in single and repeated dosages over a period ranging from one to three days, but a 
single dose was found to be as effective as repeated treatments.) Buscopan, GT-158, 
and bistrium were each given in a dose of 60 mg./kg. and as a 2% aqueous solution. 
The dose of atropine sulfate was 70 mg./kg. given as a 2% aqueous solution; pen- 
tobarbital sodium, 15 mg./kg., as a 2% aqueous solution ; nikethamide, 120 mg./kg., 
as a 2.5% aqueous solution, and glucose, 0.6 gm. per rat (3 ml. of a 20% aqueous 
solution). Oxygen was administered by passing it at a rate of 250 ml. per minute 
into the bottom of a 9.5 liter desiccator in which the rats had been placed. An 
opening in the lid permitted escape of vapors. 


RESULTS 
The experimental data are presented in Tables 1 to 4. 


COM MENT 


From Table 1 it becomes apparent that buscopan is more effective than atropine 
in the treatment of rats poisoned by parathion. Compound GT-158 was less effective, 
while bistrium potentiated the toxicity of the phosphate. Administration of glucose 
alone was effective in reducing the toxicity of parathion. Its beneficial effect became 
also apparent when it was administered together with atropine and bistrium. Pento- 
barbital sodium influenced the course of an intoxication but little, while nikethamide 
when administered with atropine or bistrium tended to influence the recovery 
unfavorably. 


7. DiStefano, V.; Hurwitz, L.; Neuman, W. F., and Hodge, H. C.: Coramine (Niketha- 
mide) as Adjuvant to Atropine in Treatment of Poisoning by EPN (Ethyl p-Nitrophenyl 
Thionobenzene Phosphate), Proc. Soc. Exper. Biol. & Med. 78:712, 1951. 
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Atropine, particularly when administered in conjunction with glucose, was found 
to be superior to buscopan in the treatment of rats, each of which was given one 
L.D.,00 of methyl parathion (Table 2). Atropine alone reduced the mortality from 
100 to 40%, while atropine plus glucose reduced it to 20%. Injection of buscopan 


TasB_e 1.—Effect of Drugs on Immediate Oral Toxicity of Parathion (DE-PNTP) 
in the Albino Rat* 


No. of Rats Period of 
Employed Drugs Administered Deaths, % Survival 
Females 
12 DE-PNTP: Buseopan, glucose =. 
10 DE-PNTP: Atropine, glucose 20 15 min. to 24 hr. 
12 DE-PNTP: Atropine, glucose, Na pentobarbital 20 10 min. to 20 hr. 
12 DE-PNTP: Atropine 25 15 min. to 3 days 
12 DE-PNTP: GT-158 25 10 min. to 3 days 
3 DE-PNTP: Atropine, nikethamide 33 80 min. 
3 DE-PNTP: Buscopan, nikethamide 33 90 min. 
2 DE-PNTP: Buscopan, Na pentobarbital 50 8 min. to 48 hr. 
30 DE-PNTP 50 10 min. to 18 hr. 
Males 
16 DE-PNTP: Buscopan ‘ 
10 DE-PNTP: Atropine 20 1 to 8 hr. 
12 DE-PNTP: Bistrium, glucose 40 8 min. to 2 days 
10 DE-PNTP: Glucose 40 15 min. to 24 hr. 
34 DE-PNTP nO 9 min. to 17 hr. 
6 DE-PNTP: Bistrium 66 30 min. to 18 br. 
6 DE-PNTP: Bistrium, nikethamide 100 90 min. to 3 hr. 


* Each female rat was given one dose of 4 mg./kg. and each male rat one dose of 6 mg./kg. of parathion. 


Tas_e 2—Effect of Drugs on Immediate Oral Toxicity of Methyl Parathion (DM-PNTP) 
in the Albino Rat* 


No. of Rats Period of 
Employed Drugs Administered Deaths, % Survival 
Equal Number of Males and Females 
10 DM-PNTP: Atropine, glucose 20 10 min. to 2 days 
12 DM-PNTP: Atropine, Na pentobarbital 30 5 min. to 3 days 
20 DM-PNTP: Atropine, Na pentobarbital, glucose 30 15 min. to 2 days 
10 DM-PNTP: Busecopan, glucose 40 15 min. to 23 hr. 
10 DM-PNTP: Buscopan 40 15 min. to 26 hr. 
10 DM-PNTP: Atropine 40 lhr/ to 3 days 
10 DM-PNTP: Bistrium, glucose 40 10 min. to 3 days 
6 DM-PNTP: Atropine, nikethamide 50 9 to 20 hr. 

10 DM-PNTP: GT-158 70 2 hr. to 4 days 
14 DM-PNTP: Glucose 70 12 min. to 5 days 
12 DM-PNTP: Bistrium 90 40 min. to 2 days 
12 DM-PNTP: Busecopan, Na pentobarbital nt) 8 min. to 3 days 
16 DM-PNTP: Buscopan, Na pentobarbital, glucose 90 10 min. to 21 hr. 
4 DM-PNTP 100 10 min, to 2 days 


* Each rat was given one dose of 14 mg./kg. of methyl] parathion. 


or of buscopan plus glucose reduced the mortality from 100 to 40%. It appears 
therefore that in the case of methyl parathion glucose does not potentiate the bene- 
ficial effect of buscopan. Nikethamide again tended to increase the toxicity. 

For the treatment of an experimental systox intoxication (Table 3), buscopan 
and atropine appeared to be of similar value; this was true whether given alone or 
in conjunction with glucose. Compound GT-158 and particularly bistrium were less 
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effective, and as observed before in animals given parathion and its dimethy] deriva- 
tive, the administration of nikethamide or pentobarbital sodium did not tend to influ- 
ence the recovery of the animals favorably. 

The data presented in Table 4 demonstrate the effect of certain antidotes when 
administered to rats, each of which was given at one time five L.D.59’s of parathion 
or of methyl parathion. The rats treated with parathion were given buscopan, 


Tas_e 3.—Effect of Drugs on Immediate Oral Toxicity of Systox in the Albino Rat* 


No. of Rats Period of 
Employed Drugs Administered Deaths, % Survival 
Females 
12 Systox: Busecopan, glucose lhr. to 4 days 
10 Systox: Atropine, glucose p 9 min. to 3 days 
10 Systox: Busecopan 40 min. to 3 days 
Systox: Buscopan, Na pentobarbital § 10 min. to 26 hr. 
Systox: Atropine lhr. to 3 days 
Systox: Atropine, glucose, Na pentobarbital 40 min. to 2 days 
Systox: Atropine, Na pentobarbital i 10 min. to 24 hr. 
Systox: Atropine, nikethamide 6 2,4 hr. 
Systox: GT-158, nikethamide j 30, 36 min. 
Systox: Buscopan, nikethamide “©. 10 to 30 min. 
Systox 30 min. to 2 hr. 


Systox: Busecopan 12 hr. 

Systox: Atropine 10 hr. 

Systox: GT-158 10 min. to 28 hr. 
Systox: Atropine, nikethamide 3 4 br. 

Systox: Buscopan, nikethamide 2hr. 

Systox: GT-158, nikethamide 33 40 min. 

Systox: Glucose 5 min. to 3 days 
Systox: Bistrium 10 min. to 26 hr. 
Systox F 45 min. to 14 hr. 


TasLe 4.—Effect of Buscopan, Atropine, Glucose, and Oxygen on Immediate Oral Toxicity of 
Parathion (DE-PNTP) and Methyl Parathion (DM-PNTP) in the Male Albino Rat* 


Drugs Administered Period of Survival 
DE-PNTP 12, 18, 20, 60, 65 min. 
DE-PNTP: Buscopan 2, 4, 4, 4, 6 br. 

DE-PNTP: Buscopan, glucose 5, 9, 16, 16 hr., 3 days 
DE-PNTP: Buscopan, glucose, oxygen 2, 6, 18, 24 br. (1 survived) 
DM-PNTP 10 min., 1, 3, 12, 15 hr. 
DM-PNTP: Atropine 3, 18, 46, 48, 48 hr. 
DM-PNTP: Atropine, glucose 1, 2, 24, 48, 64 hr. 
DM-PNTP: Atropine, glucose, oxygen 2, 5, 48 hr. (2 survived) 


* Each animal was given five L. D.se’s of parathion or of methyl parathion. 


buscopan and glucose, or buscopan, glucose, and oxygen. The rats given methyl 
parathion were treated with atropine, atropine and glucose, or atropine, glucose, and 
oxygen. The results demonstrate that both buscopan and atropine increased the 
periods of survival of each specific group of rats. Administration of glucose in 
addition to buscopan or atropine further augmented the beneficial effect of each of 
these compounds, while oxygen when supplied to the animals given glucose and 
buscopan or glucose and atropine was responsible for the survival of one rat given 
five L.D.50’s of parathion and two rats given five L.D.59’s of methyl parathion. 


Males 

10 

10 

12 

3 

3 

3 

6 

16 
* Each rat was given one dose of 9 mg./kg. of systox. 
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SUMMARY AND CONCLUSIONS 

Buscopan was found to be somewhat more effective than atropine sulfate in the 
treatment of male and female albino rats given one L.D.59 of parathion. Buscopan 
was slightly less effective in rats treated with methyl parathion, while buscopan 
and atropine appear to be equally effective in protecting rats given one L.D.50 
of systox. 

Glucose administered in conjunction with atropine definitely augmented the 
antidotal effect of this compound when administered to rats given a lethal dose of 
parathion, methyl parathion, or systox. Glucose does not seem to supplement the 
antidotal effect of buscopan markedly. Glucose alone, however, was effective in 
increasing the number of surviving rats treated with parathion, methyl parathion, 
and systox. 

Oxygen proved to be an effective agent in further increasing the beneficial effect 
of buscopan and glucose in rats given five L.D.59’s of parathion and of atropine and 
glucose in rats which had ingested five L.D.50’s of methyl parathion. 

It appears that the antinicotinic properties of the new ganglionic blocking agent 
buscopan are largely responsible for the beneficial effects noted in rats treated by 
stomach tube with one or more L.D.50’s of parathion, methyl parathion, or systox. 

It is not implied that these observations be transferred directly to man. 


COMPARATIVE INHALATION TOXICITIES OF FOUR HALOGENATED 
HYDROCARBONS TO RATS AND MICE IN THE PRESENCE 
OF GASOLINE FIRES 


Carbon Tetrachloride, Monochl b thane, Difluorodibromomethane, 
and Trifluoromonobromomethane 


CHARLES C. COMSTOCK 
AND 


FRED W. OBERST, Ph.D. 
ARMY CHEMICAL CENTER, MD. 


ARBON tetrachloride (CCl,) and monochloromonobromomethane (CH2CIBr ) 

are widely used commercially~.available fire extinguishants. The inhalation 
toxicities of these compounds have previously been evaluated.’ The fatal concentra- 
tion after a 10-minute exposure to CCl, vapors was reported for guinea pigs as 
126 x 10% mg./m.* (2.0% by volume) “ and for rats as 180 & 10* mg./m.* (2.8% 
by volume).'” There is a difference in physiological response for different species 
of animals '* to various concentrations of CCly. Rabbits are put under light narcosis 
at 445 x 10° mg./m.* (7.1% by volume), while guinea pigs are narcotized at 


125 < 10° mg./m.* (2.0% by volume) within an exposure time of five minutes. 
CH2CIBr “ in concentrations of 106 « 10% mg./m.* (2.0% by volume) killed two 
out of three guinea pigs after a two-hour exposure. A 15-minute exposure to the 


Presented at the Thirteenth Annual Meeting of the American Industrial Hygiene Associa- 
tion, Cincinnati, April 21-24, 1952. 

From the Chemical Corps Medical Laboratories, United States Army (Mr. Comstock, Toxi- 
cologist, and Dr. Oberst, Chief, Gassing Branch). 

1. (a) von Oettingen, W. F.: The Halogenated Hydrocarbons: Their Toxicity and Potential 
Dangers, J. Indust. Hyg. & Toxicol. 19:349-448, 1937. (b) Chambers, W. H.; Krackow, E. H.; 
Comstock, C. C.; McGrath, F. P.; Goldberg, S. B.; Lawson, L. H., and MacNamee, J. K.: An 
Investigation of the Toxicity of Proposed Fire Extinguishing Fluids, Medical Division Research 
Report No. 23, Army Chemical Center, Maryland, October, 1950. (c) Patty, F. A.: J. Indust. 
Hyg. & Toxicol. 19: 349-448, 1937. (d) Matson, A. F., and Dufour, R. E.: The Life Hazards and 
Nature of the Products Formed When Chlorobromomethane Extinguisher Liquid is Applied to 
Fires, Bulletin of Research No. 42, Chicago, Underwriters Laboratories, Incorporated, August, 
1948. (e) Comstock, C. C.; Ozburn, E. E.; Fogleman, R. W., and Oberst, F. W.: Monochloro- 
monobromomethane, Inhalation Toxicity, Pathology and Symptomatology to Rats and Mice, 
Medical Division Research Report No. 113, Army Chemical Center, Maryland, May, 1952. 
(f) Fieldner, A. C.; Katz, S. H., and Kinney, S. P.: Gas Masks for Gases Met in Fighting 
Fires, Technical Paper No. 248, United States Department of the Interior, Bureau of Mines, 
1921. (g) Nuckolls, A. H.: The Comparative Life, Fire, and Explosion Hazards of Common 
Refrigerants, Underwriters Laboratories Report; Miscellaneous Hazards, No. 2375, Chicago, 
Underwriters Laboratories Incorporated, 1933, pp. 1-118. (h) Svirbely, J. L.; Highman, B.; 
Alford, W. C., and von Oettingen, W. F.: The Toxicity and Narcotic Action of Monochloro- 
monobromomethane with Special Reference to Inorganic and Volatile Bromide in Blood, Urine 
and Brain, J. Indust. Hyg. & Toxicol. 29:382, 1947. 
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same vapors '* at concentrations ranging from 152 to 170 « 10° mg./m.* (2.9 to 
3.2% by volume) was fatal to rats. Mice died after a 15-minute exposure to con- 
centrations ranging from 142 to 152 & 10° mg./m.* (2.7 to 2.9% by volume). 

Difluorodibromomethane (CF2Br2) and trifluoromonobromomethane (CF;Br) 
have previously been studied '” only for their acute toxicity to rats, the lethal con- 
centration for a 15-minute exposure being 470 « 10% mg./m.* (5.5% by volume) 
and 5,070 x 10* mg./m.* (83% by volume), respectively. Subacute studies on 
these two compounds are now in progress in this laboratory. 

The toxicity of one of the thermal decomposition products of carbon tetra- 
chloride, namely, phosgene, is well known.? Some of the other halogenated hydro- 
carbons likewise produce toxic products, some of which may be related to phosgene. 
When any one of the halogenated hydrocarbons is used as a fire extinguishant on 
a gasoline fire, additional toxic decomposition products, such as CO, are formed. 
The nature of all decomposition products is not known. Small amounts of HCl and 
HBr vapors and traces of free halogen are present, although these are not highly 
toxic. The decreased Oz content, due to combustion of the gasoline and the presence 
of unaltered vapors, plays an important role in the combined picture of symptoms 
occurring in men or animals exposed to a gasoline fire extinguished by one of these 
agents. Various other factors also affect the toxicity picture, such as relative 
humidity, degree of ventilation of the room, speed of burning, movements of air 
currents, vapor concentration of the fire extinguishant, and Oz and CQO, content 
of the air. 

A survey of the literature on the pathology caused by difluorodibromomethane 
and trifluoromonobromomethane failed to reveal any information on the toxicity of 
these two compounds when used as fire-extinguishing agents. The Underwriters 
Laboratories exposed guinea pigs to pyrolyzed vapors of monochloromonobromo- 
methane '¢ which produced pneumonitis, bronchopneumonia, and pulmonary edema. 
Lehmann * found rabbits unsuited for the study of chlorinated hydrocarbons because 
of the frequency with which toxic pneumonia developed. Smyth and co-workers * 
also found that guinea pigs were unsuitable as test animals for the same reason. 

Numerous experiments have been conducted on the toxic effects of the vapors 
of carbon tetrachloride.’ In the pathological studies very little attention was given 
to the respiratory tract. Barrett, MacLean, and Cunningham * exposed rats and 
guinea pigs to vapors of carbon tetrachloride ranging in concentrations from 1.2 to 
2.4% by volume. They reported necrosis of the liver in both animal species and a 
high mortality rate among the guinea pigs. They also confirmed the findings of 
Smyth and co-workers * that guinea pigs are quite susceptible to carbon tetrachloride 


2. von Oettingen.12 Patty.1¢ Matson and Dufour.'4 

3. Lehmann, K. B.: Die Gefahrdung des Arbeiten durch chemische Gifte, Kohlenstoffver- 
bindungen der Fettreihe, in Rubner, M.; von Gruber, M., and Ficker, M.: Handbuch der 
Hygiene, Leipzig, S. Hirzel, 1921, Vol. 4, Sec. 3, Pt. 2, pp. 242-243. 

4. Smyth, H. F.; Smyth, H. F., Jr., and Carpenter, C. P.: The Chronic Toxicity of Carbon 
Tetrachloride: Animal Exposures and Field Studies, J. Indust. Hyg. & Toxicol. 18:277-298, 
1936. 

5. (a) Footnote la to g. (b) Smyth.4 (c) Barrett, H. M.; MacLean, D. L., and Cunning- 
ham, J. G.: A Comparison of the Toxicity of Carbon Tetrachloride and Trichloroethylene, J. 
Indust. Hyg. & Toxicol. 20: 360-379, 1938. (d) Gardner, G. H.; Grove, R. C.; Gustafson, R. K.; 
Marie, E. D.; Thompson, M. J.; Wells, H. S., and Lawson, P. D.: Studies on Pathological 
Histology of Experimental Carbon Tetrachloride Poisoning, Bull. Johns Hopkins Hosp. $6:107- 
133, 1925. 
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and should not be used for experiments because of the frequency with which pneu- 
monia develops. 

Smyth and co-workers exposed rats, monkeys, and guinea pigs to vapors of 
carbon tetrachloride for eight hours a day, five days a week, for a total of 10% 
months at a concentration of 0.04% by volume. They found liver cirrhosis in the rats 
but no toxic pneumonia. At 0.01% by volume, liver cirrhosis developed very slowly. 
These workers mentioned that the liver would regenerate to normal after the animals 


were no longer exposed ; the greater the damage to a liver, the longer it would take 
for regeneration. 


Gardner, Grove, and associates ** exposed dogs to vapors of carbon tetrachloride 
for 123 exposures, three and one-half hours at each exposure. The concentration of 
carbon tetrachloride used was not given. They found that the pathology of the 
respiratory system varied from a mild bronchitis to a well-developed pneumonia. 
Also, a pronounced cirrhosis of the liver developed in the entire group of animals. 


This study was designed to test the over-all toxicity during extinguishment of 
a gasoline fire by four different halogenated hydrocarbons. An attempt was made to 
determine by analytical procedures the amounts of the toxic components present in 
the air immediately after extinguishment of a gasoline fire. 


EXPERIMENTAL PROCEDURES 


1. Description of the Gassing Chamber.—A fireproof room of 20-cubic-meter capacity was 
used as the gassing chamber. On one side of this room the animal cages were suspended 5 ft. 
(1.5 m.) from the floor. The cages were covered with a fireproof-cloth curtain which could be 
raised and lowered by means of rope and pulley from outside the chamber. The curtain served 
as a protection against heat. In the center of the room a galvanized iron pan 1 in. (2.5 cm.) 
high and 12 in. (30 cm.) square, was used to contain % pt. (2.5 dl.) of gasoline (80 octane). 
There was no tetraethyl lead in the gasoline. It was ignited by two squibs which were connected 
electrically and discharged from outside the chamber. In a corner opposite the animal cages 
a 10-in. (25 cm.) fan was placed for circulating chamber air after the fire was extinguished and 
after the animal exposures were initiated. Approximately 5 ft. from the floor of the chamber, 
next to the animal cages, the nozzle of the fire extinguisher was inserted irto the chamber and 
was directed downward to the base of the pan containing the gasoline. The fire extinguisher 
was operated from outside the chamber. The agent, under about 400 Ib. of nitrogen pressure, 
was released into the chamber by a trigger mechanism, such as is used on standard COsz-type 
extinguishers. 

The chamber contained two standard-sized doors on opposite sides for cross ventilation after 
each test. A window was located in the corner opposite the animal cages for observation. 
Near the window on the inside was a thermometer. 

2. Outline of Test Procedure.—In each test 20 mice and 40 rats were exposed for 15 minutes 
under each of the following conditions : 

(a) Control: Gasoline was placed in the pan and ignited. The fire burned for approximately 
two minutes. After the exposure period, the animals were removed from the chamber. 

(b) Unaltered Vapor: Approximately 3 lb. of fire-extinguishing agent was discharged imme- 
diately (15 seconds) from a fire extinguisher (CO2-Army and Navy type) into the chamber. 
There was no gasoline in the chamber. The animals were exposed for 15 minutes and then 
removed from the chamber. 

(c) Fire Extinguished Rapidly: Gasoline was ignited, and the fire was put out in about 15 
seconds by one of the fire extinguishants. (The amount of agent necessary for this operation 
was approximately 2.6 Ib. for CCls, 1.3 lb. for CHsC1Br, 0.9 Ib. for CF2Bre, and 0.3 Ib. for 
CFsBr). Then the curtain was raised from the cages to expose the animals. To prevent raw 
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gasoline from evaporating, the pan was covered by a sheet of galvanized metal which was initially 
supported by a rod. After the fire was extinguished, a cord attached to the rod was pulled, 
allowing the metal sheet to fall on the pan to cover unburned gasoline. 

(d) Fire Extinguished Slowly: The contents of one fire extinguisher were discharged into 
the chamber. Then the gasoline was ignited and allowed to burn out. The burning time of the 
fires varied from 30 to 60 seconds. The remainder of the procedure was the same as in test c. 

3. Details in Operation of the Tests—In all the above-mentioned experiments the relative 
humidity was determined by means of a sling psychrometer immediately prior to each test. 
Gasoline was poured into the pan and ignited as soon as possible under the conditions of the test. 
A fan was turned on at the same time the curtain was raised from the animal cages. The 
chamber was not entirely airtight. In experiments in which fires were used, smoke could be 
observed issuing from cracks in the chamber for the first few minutes. The chamber and atmos- 
pheric pressures became equal within five minutes, as evidenced by the disappearance of smoke 
leaking from the chamber. The temperature in the chamber rose initially to approximately 
122 F. and then dropped to approximately 95 F. within five minutes. 

The procedures for collection of samples for tests on unaltered vapor, carbonyl halides, CO, 
Oz, COz, halogens, and halogen acids were as follows: 

(a) Unaltered Vapor: The chamber sample of air for analysis was collected during the entire 
15-minute exposure period. A small centrifugal pump in the chamber forced 2.7 liters of air per 
minute into a glass mixing bowl outside the chamber. Nitrogen was passed into the mixing bowl 
from a tank at a predetermined rate for proper dilution. The intake line from the Davis halide 
meter was inserted into the mixing bowl. One liter per minute of the diluted sample was drawn 
through the meter. The reading of the meter was taken after 5 and 10 minutes of sampling, the 
highest reading being taken as the concentration within the chamber. From the dilution factor 
the chamber concentration was calculated. 

(b) Carbonyl Halides: One minute after the animals were exposed, a sample of chamber air 
was obtained in the vicinity of the exposed animals. This air was previously drawn over a tube 
containing calcite granules impregnated with Na2S2O; and Nal for the purpose of removing free 
halogens. 

(c) Carbon Monoxide: A sample of air was obtained from the chamber after one minute of 
exposure in the same region that samples for carbonyl halides were taken. 

(d) Oxygen and Carbon Dioxide: After five minutes of exposure, 100 ml. of chamber air was 
taken near the animals for analyses. 

(e) Halogens and Halogen Acids: A 15-liter sample of chamber air was drawn at a rate of 
1.5 liters per minute through 15 ml. of distilled water, contained in a suitable bubbler, five minutes 
after exposure. Aliquot portions of this sample were used for the analyses of free halogens and 
halogen acids. 

4. Methods of Analysis—(a) Determination of Organic Halides: The Davis halide meter was 
used for the determination of vapor concentration of halogenated hydrocarbons in air. This meter 
measures concentrations ranging from 0 to 0.05% by volume with an accuracy of 10%. Calibration 
curves were established for CHsC1Br, CFsBr, and CF2Bre. A standard curve for CCl, was sup- 
plied with this instrument. A sample of air is drawn by means of a diaphragm-type pump through 
a flow indicator and then into a combustion chamber where halide vapors coming in contact 
with the hot copper electrodes react to form copper halide vapors. The intensity of the blue 
spectrum from these vapors is proportional to the concentration of the halide. This is measured 
continually by an electronic photometer, using a blue sensitive tube fitted with a blue filter. 

(b) Determination of Carbonyl Halides: The method ® was sensitive to 1 ppm. A known 
volume of chamber air was drawn over an impregnated filter paper by means of a small hand 
pump. The paper contained diphenylamine and p-dimethylaminobenzaldehyde. In the presence of 
carbonyl halides a yellow to green color is produced. The intensity of the color was compared 
with a standard of phosgene. The estimations are reported as concentrations of phosgene. 


(c) Determination of CO: The CO tester of the Mine Safety Appliance Company was used 
to measure CO concentrations in the chamber. The CO is detected in air by passage through 


6. Methods for the Detection of Toxic Gases in Industry, Leaflet No. 8 (Phosgene), Depart- 
ment of Scientific and Industrial Research, London, His Majesty’s Stationery Office, 1939. 
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gel impregnated with and PdSO,. The indicator color developed 
from a clear canary yellow through a bright emerald green to a clear dark blue by a series of 
changes depending on the CO concentration. The kit comes equipped with a holder, suction bulb, 
and color reference chart for the determination of the concentration of CO in per cent by volume. 

(d) Determination of Os and COz: An Orsat apparatus (Fisher) was used to analyze the 
COs. and O: content of chamber air. The COz was absorbed in 30% KOH solution, while the 
Oz was absorbed in a solution consisting of 5% pyrogallic acid and 30% KOH. 

(e) Determination of HC1 and HBr: The combined concentration was determined volumetri- 
cally for halide ions by the method of Volhard on aliquot portions of samples collected in water. 

(f) Determination of Cls and Brz: The combined concentration of free chlorine and bromine 
was determined on aliquot portions of samples collected in water by liberation of iodine from 


aqueous KI solution and subsequent titration with standard NaeS.Os solution, using starch as 
an indicator. 


TasLe 1.—Concentration of Fire-Extinguishing Compounds and Their Decomposition Products, 
with Mortality Among Mice and Rats After Discharging the Fire-Extinguishing Agent 


Chamber Concentration 
~~ Chamber Mortality 
Carbonyl Temperature Within 
Halides —————,,_ Relative 14 Days 
Agent, co,* as COCle,t Before After Humid- 
Fire, Fire, ity, Mice, Rats, 
% 


Mg. X 
Agent 10-3/M.3  10-3/M.3 10-3/M.% 
Gasoline fire only.............- 0 0.023 Neg. 72 125 69 0 0 


Unaltered Vapor 

0 0 

0 0 

0 0 

0 0 

Rapid Extinction of Fire 
0.009 0.0004 
0.011 0.0004 
0.011 Neg. 
0.011 Neg. 


Slow Extinction of Fire 


a8 


* To convert to ppm multiply by 0.873. 
+ To convert to ppm multiply by 0.247. 
+ Questionable value, see text. 


RESULTS 


1. Analytical—The results of the studies on the four groups of experiments, 
(a) control, (b) unaltered vapor, (c) fire extinguished rapidly, and (d) fire extin- 
guished slowly, are given in Table 1. The concentrations for Og and COz: are not 
given in the table. The values of Oz for the control and for slow extinction of fires 
ranged from 16.2 to 18.5% by volume. When the fire was extinguished rapidly, 
the O, content of chamber air after five minutes ranged from 17.1 to 18.2% by 
volume. Only trace amounts of CO. were demonstrated in any of the experiments. 
Values for halogens and halogen acids are not presented in the table, as there were 
only trace amounts present under the conditions of the test. 


76 85 ose 47 0 5 
68 80 5 0 
OPEB? 71 aes 0 0 
76 86 78 5 10 
75 95 62 0 3 
OP 69 82 86 80 15 
68 82 76 0 6 
11 0.04 67 122 53 10 
30 11 0.05 64 91 10 
11 0.02 75 120 80 20 
47 11 0.03 108 62 32 
11 0.02 66 113 71 37 
OP 16 0.06 81 122 61 100 
OCP ll 11 Trace 64 122 65 0 
l4 11 Trace 81 124 5 
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A summary of results for each of the four experiments is given below. 

(a) Control: The Os content after five minutes was 16.2% by volume. The 
CO content was 0.023 mg. & 10%/m.*. The burning time of the fire was two minutes, 
and the temperature within the chamber reached 125 F. The outside temperature 
was 72 F. at a relative humidity of 69%. 

(b) Unaltered Vapor: The concentration as per cent by volume in the chamber 
varied considerably from compound to compound. Carbon tetrachloride was the 
highest, while CF;Br was the lowest. The halide meter became faulty during the 
experiments with CF2Bre and CF3Br. The concentrations for these two compounds 
were calculated from the weight of the material dispersed.*. The chamber tempera- 
tures ranged from 68 to 85 F., and the relative humidity varied from 47 to 96%. 

(c) Fire Extinguished Rapidly: The concentrations of vapors for each com- 
pound were much lower (62 to 77%) than in the tests on unaltered vapors. Carbon 
monoxide was present in the chamber for all four test compounds at approximately 
the same concentration level (0.011  10* mg./m.*). Carbonyl halides were formed 
from CCl, and CH2CIBr but not from CF2Brz and CF;Br. The chamber tempera- 
ture was 68 to 76 F., and the humidity was 62 to 86%. 


(d) Fire Extinguished Slowly: The concentration of vapor in this experiment 
varied considerably. Two runs were made with each compound. The value of 
82 x 10° mg./m.* for CH2CIBr in one of the tests is questionable, as this concen- 
tration is approximately the same as that in the test for unaltered vapors, showing 
that practically no agent was decomposed. On repeating the test, the concentration 
was 47 & 10* mg./m.*. Environmental temperature changes were greater in these 
tests, the range being from 64 to 81 F. The CO content in the chamber air was 
increased a hundredfold over the values obtained when the fire was extinguished 
rapidly. Carbonyl halides were present after testing all the compounds except 
CF;Br, for which only trace amounts could be detected. The concentration of 
carbonyl halides was fairly constant for each repeated test. 

2. Observations During Experiments.—Table 2 shows the positive findings 
among rats and mice exposed in tests a, b, c, and d. 

(a) Control: When the gasoline was burned, copious amounts of soot were 
formed, which obscured observation of the exposed animals. On removal from the 
chamber, the animals were covered with carbon particles. There were no abnormal 
symptoms except a slightly increased respiratory rate. 

(b) Unaltered Vapor: As there was no soot present in the chamber during this 
experiment, the toxic signs of the animals could be observed during exposure. All 
the animals became excited the first five minutes in the presence of the agent. Dur- 
ing the remainder of the exposure, the animals became quiet with very little move- 
ment. After removal from exposure to CCly, CH2CIBr, or CF2Bre, the rats and 
mice were found to have an increased respiratory rate. CF;Br did not cause any 
change in the respiration. Control animals were kept outside the chamber and 
were used as a basis for comparison with the exposed animals. 

(c) Fire Extinguished Rapidly: The animals on removal from the chamber 
were covered with soot. An increase in respiratory rate was noticeable, which 


7. Although no analytical values were obtained, the use of nominal values was considered 
justifiable, since a comparison of nominal with analytical values for CCl, and CH:C1Br was 
found to be in good agreement. 
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returned to normal within three minutes after removal to fresh air. Exophthalmos 
occurred in rats exposed to CF;Br. The sclera was pale on removal from the 
chamber but returned to nermal color within 15 minutes. 

(d) Fire Extinguished Slowly: On removal, the animals were breathing more 
rapidly than had been noted in former experiments. No narcosis was present, but 
slight incoordination occurred in some of the animals. Eyes were partially closed, 
and nostrils were wet with either nasal discharge or tears. Exophthalmos was 
present in most of the exposed rats, but this was not observed in the mice. The 
sclera of the rats was pale as in the preceding experiment. 


TasLe 2.—Toxic Signs Observed in Animals After Fifteen-Minute Exposure 


Chamber Positive Findings 
Concentration 


“Initial Ineo- Increased Nasal 
Mg. X % By Exeite- Sluggish- ordi- Respira- Dis- Exoph- 
Agent 10-3/M.3 Volume ment ness nation tion charge thalmos Pallor 


Gasoline fire alone 0 


Unaltered Vapor 
1.69 + + 
1.45 + a 
0.78 + + 
1.07 a 


Rapid Extinction of Fire 


+ 3 


Slow Extinction of Fire 


+ 


3. Toxicity—Table 1 and the accompanying chart show the mortality among 
mice and rats. 

(a) Control: No deaths resulted from exposure of the rats and mice after % pt. 
of gasoline was burned in the chamber. 

(b) Unaltered Vapor: The number of deaths caused by unaltered vapors of the 
four test compounds was small (Table 1). CF ;Br did not cause any deaths among 
either rats or mice. 

(c) Fire Extinguished Rapidly: The number of deaths increased markédly 
under these conditions except with CH2CIBr. The toxicity of this compound under 
these conditions was approximately the same as the toxicity of unaltered vapor. 
The most toxic compound was CF2Br2. More than 80% of the mice had died by 
the 13th day. 

(d) Fire Extinguished Slowly: CCl, and CHeCIBr killed 30 to 40% of the 
exposed rats and 10 to 20% of the exposed mice. CF2Br2 caused 31% of the deaths 
among mice in one test and 100% of the deaths in a repeated test. The death rate 
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0.28 + + 
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among rats exposed to CF2Br2 was 29% in the first test and 9% in the second. The 
least toxic compound was CF;Br, which caused no deaths in the first test. In the 
second test, 5% of the mice and 2% of the rats died on removal. 

4. Pathology.—Rats and mice exposed to the fire-extinguishing agents, with and 
without fire, showed congestion of the trachea and lungs. When CCl, was used, 
both rats and mice showed pulmonary edema, and the rats also showed some focal 
necrosis of the liver. The rats and mice present in the chamber in which the fire 
was extinguished slowly exhibited a severer degree of pathologic changes in the 
trachea and lungs than did those animals used in tests in which the fire was extin- 
guished immediately or the vapors were introduced without fire. The increase in 
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Plots showing mortality among mice and rats against time in days after exposure to fire- 
extinguishing compounds. They demonstrate the relatively high toxicity of CF2Brz to mice and 
the low toxicity of CFsBr to both rats and mice. 


severity of the lesions can be attributed largely to the increased irritation produced 
by masses of black carbon particles visible microscopically in the trachea and larger 
air passages of the lungs. In many cases, these masses were surrounded by an 
inflammatory zone, and some of the particles were undergoing phagocytosis. 


COMMENT 


The Underwriters Laboratories have evaluated the health hazards of various 
commercial agents in extinguishing different types of fires.'"* One of the experi- 
ments ' dealt with CH2CIBr in the presence of gasoline flames. The present study 
was patterned after these experiments, but some fundamental changes in the method 
of testing were made. These were as follows: (a) The animals were rats and mice 
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rather than guinea pigs; (>) maximum lethal effects were obtained by discharging 
the contents of one cylinder and then igniting the fire; (c) methods for the analysis 
of unaltered vapor, carbon monoxide, and carbonyl halides were different; (d) one 
exposure time of 15 minutes was used instead of several exposures of 5 minutes, 
30 minutes, one hour, or two hours, and (e) the observation time was 14 days 
instead of 10 days. The change in animals was made because of the reported * 
tendency toward development of pneumonia in the guinea pigs. The observation 
time was increased to study delayed effects. It was considered advisable to use the 
most recent chemical methods. 

When any one of the four extinguishing fluids was applied to a gasoline fire, the 
resulting gaseous products included unaltered vapor, carbon monoxide, and carbonyl 
halides, with trace amounts of halogens and halogen acids, soot, and smoke. Under 
ordinary conditions with small gasoline fires in well-ventilated spaces, the concen- 
tration produced by the contents of one standard fire extinguisher and its thermal 
decomposition products may not endanger life on short exposures. In closed spaces, 
there is danger from prolonged exposures. In the present study, when fires were 
extinguished rapidly, CF2Brz2 appeared to be the most toxic to mice. It must be 
remembered, however, that the amounts of CO, carbonyl halides, and other decom- 
position products vary, depending on the intensity of heat and the relative humidity. 
In order to evaluate the most toxic conditions with a standard amount of gasoline 
in the presence of the agent, the fire was allowed to be extinguished slowly. The 
amount of CO and carbonyl halides increased markedly, and more animals died. 
CF;Br was always one of the least toxic; this was confirmed on repeated tests. 

The acrid and exceedingly irritating fumes from the decomposition of the fire- 


extinguisher fluids under investigation would provide adequate warning to personnel 
trapped in a small space. Respirators would be necessary to prevent gagging and 
choking. If a fire extinguisher were used in a closed space without adequate venti- 
lation and if a person were unable to leave the area for 15 minutes, the hazards would 
be greater from the decomposition products of CCl, CH2CIBr, and CF2Br2 than 
from those of CF;Br. Congestion of the lungs and trachea could result after pro- 
longed exposures to the decomposition products of CF;Br used on a gasoline fire. 


Not all the breakdown products which are formed when heat is applied to the 
test compounds are known. The presence of CO and carbonyl halides probably con- 
tributed the greatest toxic effects. Carbon monoxide values of 1.1  10* mg./m.* 
(960 ppm) in air, as found for each of the agents in the slow-extinction studies, are 
sufficient, according to Henderson and Haggard,* to cause unpleasant symptoms 
(headache, nausea) in man after one hour of exposure. A value of 0.06 x 10% 
mg./m* (15 ppm) for carbonyl halides (phosgene) in air is dangerous to life after 
an exposure of 30 to 60 minutes.” A concentration of 0.02 « 10° mg./m.* (5 ppm) 
of phosgene will produce cough and other subjective symptoms within one minute.® 

CCl, and CH2CIBr as extinguishants were more toxic to rats, while CF,;Br was 
one of the least toxic to both rats and mice. The latter compound did not form 


8. Henderson, Y., and Haggard, H. W.: Noxious Gases, Ed. 2, New York, Reinhold Pub- 
lishing Corporation, 1943. 

9. Flury, F., and Zernik, F.: Schadliche Gase, Dampfe, Nebel, Rauch- und Staubarten; mit 
autorisierter Benutzung des Werkes: Noxious Gases, von Henderson und Haggard, Ed. 12, 
Berlin, Springer-Verlag, 1931. 
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carbonyl halides except in trace amounts. CF2Brz2 and its breakdown products were 
more toxic to mice than to rats. CF2Brg in itself is especially irritating. The more 
delicate mucous membrane of the mouse, as compared with that of the rat, may 
account for the marked difference in toxicity found between these two species. The 
differences between the mortality of the animals in the rapid and the slow extinction 
of fires may be accounted for by the differences in concentration of carbonyl halides 
and carbon monoxide, but this does not account for individual differences among 
the compounds within either group. 

From the chart it would appear that the toxicities of CCl, and CF3;Br to mice, 
as carried out in this experiment, are low and of about the same magnitude. For 
rats, the toxicity of CCl, appears to be slightly greater than CF;Br. A comparison 
of the approximate lethal concentrations (ALC’s) to rats of vapors from proposed 
fire-extinguishing fluids and their respective products of decomposition. by iron at 
800 C. has previously been reported.” It was shown that the ALC of CCly vapor 
to rats was 180 & 10° mg./m.*, while that of CF,;Br was 5,070 « 10* mg./m.*. The 
ALC values of these vapors after passage through an iron tube heated to 800 C. 
were 2 < 10° mg./m.* and 90 x 10° mg./m.*, respectively. In the present study 
the chamber concentration of unaltered vapors never approached these values. The 
fire was not allowed to burn long enough for any metal to become excessively hot 
to pyrolyze an appreciable amount of agent, although there was decomposition of 
some agents from the fire itself, as was evident by the presence of carbonyl halides 
in the air. The conditions of this experiment were not conducive to the formation 
of a carbonyl halide from CF;Br in the slow-extinction test. This experiment was 
designed for over-all toxicity occurring after application of an extinguishant to a 
gasoline fire. 

SUMMARY 


1. The burning of % pt. of gasoline for about 2 minutes in a closed 20-cubic- 
meter chamber did not produce marked effects on rats and mice exposed for 15 
minutes. 


2. Approximately 3 lb. of either carbon tetrachloride (CCly), monochloromono- 
bromomethane (CH2CIBr), or difluorodibromomethane (CF2Br2) dispersed as a 
vapor in the chamber without a gasoline fire was lethal to 5% or less of the animals 


after 15 minutes of exposure. Trifluoromonobromomethane (CF;Br) in the same 
amount killed no animals. 


3. When a fire was extinguished rapidly by the various agents, the mortality 
among the animals was somewhat increased over that resulting from the agents 
alone. CF.Brs was the most toxic to both rats and mice, while CHeCIBr and CF;Br 
were about equal in toxicity and were the least toxic. 

4. When a fire was extinguished slowly, the mortality among both rats and mice 
was generally higher than that after a rapid extinction. CF2Br2 was the most toxic 
to mice, the results varying widely from 37 to 100% mortality in two tests. CCl, 
was the most toxic to rats, killing nearly one-third of them within three to nine days 
after an exposure. CH»2CIBr was second in toxicity to both rats and mice. One of 
the least toxic agents was CF;Br, which produced very few deaths among mice and 
rats within 14 days after a 15-minute exposure. 
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5. The CO concentration of the chamber was approximately the same after the 
use of each agent in extinguishing a gasoline fire under a given condition. When 
the fire was extinguished slowly, the CO concentration was about 100 times greater 
than that after a rapid extinction. 

6. The chamber concentration of carbonyl halides, determined as phosgene, 
varied somewhat for the different agents and also for the same agent in different 
tests. When a fire was extinguished slowly with CCl, and with CH2CIBr, the con- 
centration was approximately 100 times that after a rapid extinction. CF;Br pro- 
duced only a trace of carbonyl halide, while CH2CIBr produced next to the lowest 
concentration after a slow extinction. 


7. Exophthalmos and pallor were characteristic of the rats with all four agents 
when the fire was extinguished slowly. 


8. Rats and mice showed congestion of trachea and lungs after exposure to all 
four compounds in the presence of fire. With CCl, there was also pulmonary edema. 
In rats, after the use of CCly, there was in addition focal necrosis of the liver. 


Maj. James K. MacNamee, Chief, Pathology Branch, Veterinary Corps, made valuable 
contributions on the pathological examination of the animals. Mr. J. E. Malcolm, Engineer, 
Research and Development Laboratories, Fort Belvoir, Va., offered suggestions and supplied 
the laboratory with the fire extinguishants used in the tests. Lt. Pete Alaniz, Pvt. John R. 
Greene, and Pfc. Logan A. Johnson assisted with the tests. 


Abstracts from Current Literature 


General 


EXperieENCE ACCUMULATED IN THREE YEARS OF AN OccuPATIONAL Mepicart Ciinic. HARRIET 
L. Harpy, Indust. Med. 21:424 (Sept.) 1952. 


The author contends that “mutual benefit will ensue if those concerned with the causes of 
work-related illness will make use of local teaching hospital facilities and existing university 
or state agency units qualified to evaluate toxic exposures.” To support this, she reports on 
the three years’ joint effort of the Medical Department of the Massachusetts General Hospital 
and the Division of Occupational Hygiene of the Massachusetts Department of Labor and 
Industries in their study of the mechanism of disease production following toxic work exposure. 

The Clinic, supported by research grant funds from the National Institutes of Health, operates 
under guidance from an Advisory Committee of well-qualified clinicians. Study of the sick 
worker is made with the patient’s chosen outside physician. Therapy correlated to the study 
is designed and instituted, the family physician being supplied with data necessary for the con- 
tinuing care of the worker and for the settlement of incident compensation claims. 

One hundred eighty-four outpatient, 53 inpatient, and 99 consultation services were supplied in 
the three-year period. Patients were referred from the staff of the Massachusetts General 
Hospital, outside physicians, the Division of Occupational Hygiene, patients, state agencies, and 
lawyers, but not a single patient was referred from a plant physician or an insurance company. 

Instead of attempting to embrace the entire technical field involved, use is made of existing 
specialized facilities. Patients who need dermatological treatment or surgical care are not seen, 
except for rare single consultation. Studies have included cases of beryllium poisoning ; blood 
dyscrasias of chemical origin; silica, talc, and asbestos pneumoconioses; lead poisoning ; carbon 
tetrachloride poisoning; parathion effect; tetryl effect, and silicosis with tuberculosis. The 
classification of each case as occupational or nonoccupational may involve considerable environ- 
mental investigation. Special study is being made in an attempt to establish the correct etiology 
of chest x-ray densities not due to tuberculosis, cancer, or heart disease. Clinic efforts are push- 
ing both differential diagnostic methods and an understanding of the disease producing mechanism 
of occupational insults. 

The Clinic provides (a) benefit to the patient, (b) opportunity for presentation to the medical 
profession of proper appraisal of possible work-incurred illness, and (c) close association of 
the Clinic physician with general clinical facilities. On this basis, the author is justified in hoping 
that “other qualified groups may consider initiating comparable projects suited to their special 


setting.” This very readable article contains five short tables. F. Brent, Boston. 


MANAGEMENT PROGRAM FOR THE BoxinG INpusTRY. FRANK R. Fervatno, J. A. M. A. 150: 
651-654 (Oct. 18) 1952. 


Medical reforms in boxing are overdue; three channels exist, namely, federal legislation, 
state legislation, or self-regulation by the National Boxing Association. An example of state 
legislation follows. In accordance with New York State legislation, a Medical Advisory Board 
was established in 1948. Its purpose was to submit to the State Boxing Commission for 
approval regulations and standards for physical examinations of professional boxers and 
wrestlers; thereafter it was to serve in an advisory capacity to the Commission. Rules and 
regulations were submitted to improve standards of medical care. The Board arranged setting 
up a modern office with electrocardiographic, roentgenographic, fluoroscopic, and electroenceph- 
alographic equipment to be used when indicated. A modern file system with a unit file for every 
contestant, with bout-to-bout and year-to-year evaluation, was provided. 

Fatalities because of cerebral hemorrhage were considered as usually due to the following : 
(1) gloves lacked adequate padding; (2) insufficient mat protection, and (3) poorly designed 
mouthpieces. Suggestions for improvement and further research were as follows: (1) improve 
boxing gloves; (2) improve mat padding (done); (3) improve taping of hands to reduce frac- 
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tures; (4) improve mouthguards to absorb part of force of chin blows; (5) get a substitute 
resin (done); (6) provide better first-aid procedures at ringside; (7) provide better supervision 
of water containers; (8) evaluate causes and improvement of treatment of periorbital lacerations 
(ringside and dressing-room physicians have been advised); (9) examine ring officials and 
judges periodically; (10) establish medical criteria for stopping the bout, and (11) study the 
punch-drunk syndrome. A National Medical Advisory Board should be established. Physicians 
should be paid by the State Boxing Commission rather than by promoters or arena owners. 
Boxing authorities fear such reform may reduce popularity of the sport. 


B. Kent WILson, Boston. 


IMPORTANT FEATURES IN AN INDUSTRIAL MEDICAL PROGRAM. 
England J. Med. 247:465, 1952. 


The author points out that an adequate program in industrial medicine should include 
prevention, detection, and adequate treatment of both occupational illness and trauma. He feels 
that the type of medical services provided in industry today vary and are not always adequate. 

It is further pointed out that the greatest amount of time lost is from nonoccupational causes 
(89%) and that the problem of health should be a total picture on the job or off. 

A written medical policy would be helpful in acquainting all personnel with the objectives of 
the medical department. Medical records should be adequate and complete. Preplacement and 
periodic health examinations will work to the benefit of both employer and employee. 

The physician in industrial medicine should not compete with the private practitioner and 
should not treat nonoccupational illnesses. Use should be made of medical consultation when 
necessary. Finally, rehabilitation, a return to work with guidance, should be part of a well- 
organized medical program. 


GeorGE F. WiLkins, New 


MiLan R. Mateyka, Boston. 


MeEpIcINE Pius INDustry Eguats OccuPpATIONAL HEALTH. 
J. Med. 247:470, 1952. 


The growth of industrial medicine within the last few decades has received much impetus. 
Today both labor and management are aware of the tremendous positive advantages of good 
health. It is essential that the physician meet this health need by expanding present-day 
industrial health services and creating new ones wherever necessary. The high-caliber medical 
services available in a large industrial center can and should be made available to the small 
plant. The community physician is destined to play a major part in the contribution toward 
adequate industrial health service. 


J. F. McCanan, New England 


MiILan R. MateyKa, Boston. 


MEDICAL PROGRESS: OCCUPATIONAL MEDICINE. HARRIET L. Harpy, New England J. Med. 
247:473 (Sept. 25) 1952. 


This article is an excellent review of much pertinent material in the field of occupational 
medicine. The paper deals at length with bacterial, physical, and chemical agents and their roles 
as possible hazards to health. 

The paper discusses bacterial infections, carcinogenic substances, radiation hazards, pul- 
monary diseases, toxicity of insecticides, air pollution, beryllium and lead poisoning. Comments 


are made on diagnoses and some newer treatments. Mitan R. Matera, Boston. 


S1IcKNEss ABSENCE RECORDING IN INpDUstTRY. J. P. W. Hucues, Brit. J. Indust. Med. 9:264 
(Oct.) 1952. 


A system for recording accident and sickness absences in industry is presented. The sug- 
gested schema includes the following : 

1. A group record form. This lists the diagnosis and the total time lost through accident and 
illness for each employee in a given subgroup or subunit. 

2. An individual master record. This lists all relevant health and absence data for each 
worker throughout the entire course of his employment. 
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3. A similar annual record for each employee. 


For coding purposes, all illnesses and accidents are placed in one of 12 groups. These groups 
are formed by a regrouping of the International Classification of Diseases, Injuries, and Causes 
of Death so that all nonindustrial morbidity is excluded. At the same time, for each cause of 
absence the three-digit international code number is also recorded. 

The above method of recording may supply the following data: (1) coding of each illness 
and duration of each illness; (2) numbers of men and women in each group under study, with 
further subdivisions for age, sex, marital status, etc.; (3) number of total days worked by the 
group; (4) total number of days lost by the group through sickness and accident, and (5) relative 
number of absences caused by each type of illness. 

A final summary form is suggested so that on a single page an accurate picture of the health 


of the concern will be revealed. Jerrotp Scuwartz, Boston 


Some Errects or Parp Sick Leave ON SickNEss ApBseNcE. R. A. DENERLEY, Brit. J. Indust. 
Med. 9:275 (Oct.) 1952. 


In two companies the granting of sick leave with pay to workers whose earnings had not 
previously been protected resulted in an increase in sickness absence. In one department in which 
bonuses and incentive pay were used, the sickness absence did not increase. 


JERROLD SCHWARTZ, Boston. 


An ANALYsIS OF ABSENCE UNDER A SCHEME OF Patp Sick Leave. R. B. Buzzarp, and W. J. 
SuHaw, Brit. J. Indust. Med. 9:282 (Oct.) 1952. 


An attempt has been made to analyze the effects of the paid sick-leave policy introduced for 
government industrial employees in September, 1948. 

A marked increase in sickness absence occurred after this date. Part of the increase may 
be attributed to the concomitant introduction of National Health Insurance in the country. 
(Absences of nonindustrial workers also increased but to a smaller extent.) With allowance for 
this, the industrial decrement was still significant. 

An evaluation of other factors of possible importance in explaining this increase was made. 
No evidence was found that the age distribution of government workers or the proportion of 
registered disabled workers accounted for more than a small fraction of the rate. There was found 
to be little proportionate difference between skilled and unskilled worker absence and between 
new and old worker absence. 

The one striking difference in absence rates was between those workers who received incen- 
tive payment and those who did not. The sick absence rates for industrial workers on incentive 
payment were as low as those of nonindustrial workers whose sick pay scheme was of long 
standing. 

Various modifications of the paid sick-leave plan are suggested so as to abolish malingering 
while preserving the increased production and efficiency of better general health. 


JERROLD SCHWARTZ, Boston. 


Discussion: CLiInicAL ASPECTS OF OCCUPATIONAL DisEASE. D. HuNTER, R. SCHILLING, 


A. McLauGuHitn, A. Jones, and C. N. D. CrurcKsHank, Proc. Roy. Soc. Med. 45:599 
(Sept.) 1952. 


Dr. Hunter presents in detail the teaching program in Occupational Medicine that is followed 
by the London Hospital in the instruction of its medical students. 

Dr. Schilling considers the etiology, incidence, and clinical history of byssinosis. This 
disease, occurring among workers exposed to fine cotton dusts, produces a relatively high 
incidence of respiratory disease deaths. However, the pathophysiology of the cotton dusts is 


still undetermined. Improvements in industrial dust control are lessening the importance of 
the problem. 


Dr. McLaughlin classifies and illustrates with case histories the occupational diseases due 
to organic and inorganic dusts. Photographs of x-rays and micropathology are included. X-ray 
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nodulation does not mean necessarily that fibrosis of the lung is present. Aggregates of an 
inert opaque dust, such as barium, can produce marked roentgenographic evidence, often 
simulating severe lung pathology, without any clinical manifestations appearing. 

Dr. Jones considers the possible chronic effects resulting from exposure to chronic gases and 
vapors. While admitting to the acute toxic effects of the asphyxiants, the irritants, the centrally 
acting poisons, and the metallic fumes, he concludes that there is little evidence that these cause 
any chronic disease. However, the studies cited are limited in scope, and the evidence is largely 
negative. 

Dr. Cruickshank discusses recent investigations on occupational dermatitis and skin cancer. 
Incidence of dermatitis is compared for occupations, types of work, and specific materials. 
Research on industrial skin cancer indicates that mineral oil is often associated with cancer, 
especially in engineering industries. Statistical data reveal that a high percentage of those with 
hand, forearm, and scrotal tumors have a history of exposure to oils in these industries. 


J. J. Schwartz, Boston. 


PREVENTION OF EYE INJURY IN INpUsTRY. W. S. Rowe, M. J. Australia 2:439 (Sept. 27) 
1952. 


Eye injuries are the most expensive of all industrial accidents. They are costly to the 
worker, to the industry, and to the community. 

Eye injuries have the highest incidence in the metal industries. More than half of them are 
caused by flying particles set in motion by tools or machines. The most effective single pre- 
ventative measure against these injuries is the use of goggles. At present the availability of 
goggles exceeds their use. Various schemes for encouraging and promoting a more widespread 
adoption of them are considered. The most rational approach toward achieving this aim can be 
made through the employers, the unions, and the industrial physicians. 


Jerro_p ScHWARtz, Boston. 


Score oF Mopern INpustRIAL Mepicine. ALAN L. LanGiey, M. J. Australia 2:740 (Nov. 22) 
1952. 


Industrial medicine is concerned with the physical, physiological, psychological, and 
environmental elements present in industrial work. 

A thorough preemployment examination is important, not only as a base line for future 
reference but also as a means of placing a man in work for which he is fitted. A study of 
working conditions, design and layout of equipment, and working methods facilitates fitting 
the job to the man. 

Accidents, ventilation and heat hazards, noise, lighting, air pollution, and poor sanitation 
comprise aspects of environment which must be controlled. Studies of sickness and absence rates 
and of labor turnover indicate the effectiveness of environmental control. Semiannual medical 
examinations are valuable. 

If principles of asepsis and surgery are followed in treating minor injuries, many hours of 
lost work due to disability will be avoided. Adequate rehabilitation and resettlement policies 
benefit both workers and management and maintain high morale. 


JERROLD SCHWARTZ, Boston. 


Physiology and Nutrition 


StupiEs oF ResprraTtory FLOW MEASUREMENT OF VENTILATORY Function. D. F. 
Proctor, Dis. Chest 22:432 (Oct.) 1952. 


The pneumotachogram is a record obtained quickly and easily with apparatus offering only 
negligible resistance to breathing. It yields information in regard to the characteristics of resting 
ventilation and ventilation during maximum effort. It is possible to interpret the record in 
terms of some of the deficiencies in the respiratory apparatus probably accounting for reduced 
ventilatory function. As in the electrocardiogram, the pneumotachogram is best interpreted in 
connection with the information gained from history and from physical and other functional 


studies. Avutuor’s Summary [Inpust. Hye. Dicest]. 
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InpusTRIAL Heat ExposurES—EvALUATION AND CoNTROL. GEORGE F. Haines Jr. and 
TuHEOopoRE Hatcu, Heat. & Vent. 49:93 (Nov.) 1952. 


In this interesting article, the authors show how to evaluate heat stress upon workers in hot 
industries and how to choose appropriate controi measures that will reduce heat exposure 
effectively. The method of analysis is physical rather than physiological and is intended 
primarily for the industrial hygiene engineer. 

Heat stress is evaluated not on the basis of some composite index, such as effective 
temperature or operative temperature, but in terms of component heat loads contributed by 
metabolism, radiation from hot surfaces, and convection and conduction by hot-air currents. 
The magnitude of these component loads in relation to the total heat load should indicate the 
relative effectiveness of various control measures. 

Application of such an analytical procedure is shown step by step in a thermal survey of a 
glass manufacturing plant, in which exposure to high radiant heat was reduced 25 to 75% by 


the use of simple radiation shields. C. P. Yactov, Boston 


Occupational Diseases and Hazards 


Pneumoconiosis DuE To Diatomaceous EARTH: CLINICAL AND X-Ray Aspects. REGINALD 
H. Smart and WALTER M. ANDERSON, Indust. Med. 21:509 (Nov.) 1952. 


The diatomaceous-earth industry is a comparatively new one, and until lately a reasonable 
doubt has been entertained as to whether diatomaceous earth was capable of producing pneumo- 
coniosis. The authors show by an interesting series of clinical, laboratory, x-ray, and 
pathological evidence that the inhalation of diatomaceous earth may produce a distinct type of 
pneumoconiosis. They also found that the inhalation of crude diatomaceous earth and of natural 
powders over a long périod of time may produce a benign type of linear pulmonary fibrosis, 
leading to few, if any, symptoms and no demonstrable disability. 

The calcinated and flux-calcinated powders containing small amounts of a different form 
of crystalline silica somewhat more toxic for animal tissue than quartz may occasionally produce 
a rapidly progressive pulmonary fibrosis or granuloma, with massive coalescence, bulbous 
emphysema, extensive pleuritis, cor pulmonale, and not infrequently spontaneous pneumothorax. 

Massive coalescent pulmonary lesions occasionally have developed in persons whose intra- 
dermal skin tests were completely and repeatedly negative to full dosage of standardized tuber- 
culin. In these persons it was not possible to identify tuberculosis infection either during life 
or post mortem, and the authors conclude that concomitant infection does not play a significant 
part in the pathogenesis of this coalescent form of the disease. 

When tuberculosis was superimposed on diatomaceous earth pneumoconiosis, the infection 
often pursued a benign course until cavitation supervened; then the course seemed to be slowly 
downhill, in spite of modern treatment with intensive chemotherapy, collapse procedures, and 
sometimes sanitarium care. 

Diatomite deposits are of two general types, deposits found on the shores of the seas being 
known as marine diatomite and materials found on the floor of extinct inland lakes being 
classified as fresh-water diatomite. There seems to be a significant difference in the toxicity 
to humans of these two different varieties. The fresh-water diatomite appears to be much less 


toxic, even when it is subject to flux-calcination. 


PULMONARY AND CuTANEOUS DISEASES CAUSED BY BERYLLIUM CoMpouNDs. FRANK R. 
Dutra, Postgrad. Med. 2:383 (May) 1952. 


A review of the medical case against Be and Be compounds discusses their ability to produce 
acute pneumonitis as well as chronic disabling pulmonary disease and acute or chronic inflam- 
mation of the skin. The procedure for diagnosis and treatment of the diseases is also given. 


NuCLEAR Sc. ABST. 
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STUDIES OF THE TiIsSUE REACTIONS TO SILICATE AND SrLicA Dusts FROM KoLarR GOLD 
Fietp Mines. S. C. Ray, E. J. Kine, C. V. Harrison, and G. P. Monanty, Tr. Inst. 
Min. & Metal 61:343, 1951-1952. 


Animal experiments have been conducted with powdered quartz and hornblende schist and 
with air-borne dusts from three Kolar gold mines. Two varieties of Kolar quartz produced 
rapidly developing silicosis in the lungs of rats, but the hornblende schist and the mine dusts 
caused only minimal fibrosis. It is concluded that there is too little quartz in the air-borne dusts 
of Kolar to cause a serious silicosis hazard but that the dust of the principal rock in which most 
of the workings occur is capable of producing in animals a low-grade pneumoconiosis. 


AvuTHorRS’ SUMMARY. 


PULMONARY Function Stupies. F. GREGOIRE, read before Fourth Conference on McIntyre 
Research Foundation on Silicosis, Jan., 1952. 


The methods of testing pulmonary function of silicotic patients used by the Lavoisier 
Institute for the Quebec Silicosis Commission are described, with a typical example. The 
tests include maximum breathing capacity, lung volume, ventilation efficiency, arterial blood 
studies, progressive work on a treadmill, response to pure oxygen, metabolism, and circulation 


time, in addition to the usual complete physical examination. —————— 


EXAMINATION PROCEDURES FOR SILICOSIS AS PRACTISED BY THE WORKMEN'S COMPENSATION 


CoMMIssION IN QuEBEcC, CAnapa. J. A. Vina, Read before Fourth Conference of 
McIntyre Research Foundation on Silicosis, Jan., 1952. 


In Quebec, compensation awards are made for silicosis only when symptoms have been 
established. These symptoms cannot be evaluated except by a careful clinical examination. 
This examination is conducted by the Workmen's Compensation Commission on application by 
the patient after his family physician has diagnosed silicosis. 
examination are described briefly. 
Lavoisier Institute. 


The procedures of the physical 
The laboratory and functional tests are conducted at the 


Inpust. DiceEst. 


CARCINOGENIC Azo-CoMPOUNDS: CHEMICAL CONSTITUTION AND CARCINOGENIC 
G. M. Bapcer and G. E. Lewts, Brit. J. Cancer 6:270 (Sept.) 1952. 


ActIVvITY. 


Soon after the discovery of the carcinogenic activity of 1:2:5:6-dibenzanthracene, some 
investigators reported that the addition of o-aminoazotoluene to food leads to the production of 
malignant liver tumors in rats. During the past two decades scores of other azo compounds 
have been tested for carcinogenic activity of this type, and many have been shown to be active. 

Most of the food-coloring matters which have been tested have failed to induce liver tumors 
in rats, and in any case it is most unlikely that anyone could ever consume enough of an azo 
compound in food to have any deleterious effect. Nevertheless, the risk remains, a risk which 
has recently been underlined by the report that benzeneazo-8-naphthol is a hepatotropic carci- 
nogen when injected subcutaneously in mice. It has also been suggested that azo compounds 
may be responsible for some of the occupational cancers which have been found among workers 
in the dyestuffs industry. This review is an attempt to assess the present position in a study of 
the relationship between chemical constitution and carcinogenic activity in this series. 

In the concluding summary, the authors stress that many derivatives of azobenzene produce 
cancer of the liver when administered to rats and mice on a restricted diet. The diet must be 
low in riboflavin and in protein. Most of the active compounds are amino, methylamino or 
dimethylamino derivatives of azobenzenes, but an amino group is not essential for activity of 
this nature (e. g., 2,2’-azonaphthalene). Additional substituents have variable effects, depending 
on their nature and position. The hypothesis that carcinogenic activity in this series is asso- 
ciated with an optimum density of electrons at the — N = N — linkage is supported by recent 


experimental work, but further research is necessary before any definite conclusions can be 
drawn. 
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VALUE OF THE RABBIT FOR CARCINOGENICITY TESTS ON PETROLEUM Fractions. I. HIEGER 
and D. L. Woopuousg, Brit. J. Cancer 6:293 (Sept.) 1952. 


The classical experiments of Yamagiwa and Itchikawa in 1918, in which the carcinogenicity 
of coal tar was first proved, utilized rabbits, and this species was also employed in a number of 
other early experiments on tar cancer. A few early workers used other species to a limited 
extent, e. g., rats and guinea pigs. The majority, however, favored the mouse for large-scale 
experiments. The possibility that other species might prove more suitable under certain circum- 
stances did not appear to have been sufficiently appreciated. 

In the present investigation it was decided that it was of importance that the properties of 
the mineral oils in question be tested on both rabbits and mice. 

Tests were carried out in two laboratories to determine the carcinogenic action on the skin 
of mice and rabbits of three typical mineral oil crudes and 15 fractions derived from them by 
processes avoiding cracking. The activity on mice of all the fractions was very slight. Some 
fractions, particularly those with a boiling range of 325 to 375 C., showed high activity on the 
ear and body skin of rabbits. 

Both series of experiments demonstrated that the rabbit was more sensitive to mineral oils 
than was the mouse, and it was concluded that this species should be included in carcinogenic 
tests on this type of material. 


EFFect OF CORTISONE ON EXPERIMENTAL INTRAPERITONEAL SILicotic NopuLes. F. R. MAGAREY 
and J. Goucu, Brit. J. Exper. Path. 33:510 (Oct.) 1952. 


In a previous report, Magarey and Gough demonstrated that cortisone in large doses reduces 
to some extent the formation of fibrous tissue provoked by finely powdered quartz in the perito- 
neal cavity of rabbits. The experiments described in this paper were undertaken to determine 
whether cortisone has any effect upon the fibrous connective tissue of established  silicotic 
nodules. 

This problem assumes some importance on two counts. First, cortisone is widely reported 
as having a beneficial effect on certain chronic conditions characterized by long-standing fibrosis, 
such as scleroderma and keloid scarring. Second, there has been a report of appreciable clinical 
improvement in a patient with pulmonary silicosis who was treated with corticotropin. 

There was no essential macroscopic difference between the nodules in the cortisone-treated 
rabbits and those in the controls. 

Histologically, in the control animals the nodules consisted of a central accumulation of 
quartz surrounded by a dense layer of compact collagen; outside this there was a cellular 
fringe in which the presence of many fibroblasts suggested that active fibrosis was still 
progressing. 

In the cortisone-treated animals, the nodules were similar, except that there was no cellular 
fringe. Instead there was a reaction in which a diffuse delicate connective tissue, consisting of 
loosely knit fibers and thin-walled blood vessels, surrounded the silicotic nodules. 

The authors, like Curran earlier, were unable to detect any reduction of collagen, even with 
large doses of cortisone on established intraperitoneal silicotic nodules. The absence of a 
cellular outer fringe in the nodules in cortisone-treated animals suggests, however, that during 
the administration of the cortisone further fibroblastic proliferation is retarded. 

This suggests that cortisone could not be expected to have any lasting beneficial effect upon 
the collagen in human silicotics, although it might well arrest progression of the lesions during 
the period of administration. 


Cotton Dust 1n RELATION To Bysstnosis. Part II: Skin Tests FOR ALLERGY WITH 
Extracts oF Cotton Dust. H. R. Cayton, G. Furness, and H. B. MAITLAND, Brit. J. 
Indust. Med. 9:186 (July) 1952. 


Extracts prepared from cotton dust by several different methods were used for skin tests. 
Though these extracts varied somewhat in potency, all were similar in causing an early reaction 
of wheal and flare and also a late reaction, maximal in about 12 hours, of redness and induration. 
The incidence of reaction was similar among all groups, including persons with byssinosis, 
unaffected workers, allergic persons unconnected with cotton mills, and persons with no history 
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of allergy or cotton-dust exposure. Of these persons, 90% had a late reaction and 30 to 40% 
an early reaction. It is clear that the reaction does not indicate hypersensitivity specific to 
byssinosis. Chemical properties of the extracts and the reactions they produced suggest a 
possible relationship between house dust and cotton dust. B. H. Ampur, Boston. 


THE ROLE oF STAPHYLOCOCCAL INFECTIONS IN BEAT DisoRDERS OF Miners. J. B. ATKINS 
and J. Marks, Brit. J. Indust. Med. 9:296-302 (Oct.) 1952. 


Beat disorders, which rank second among the commonest industrial injuries, consist of an 
acute cellulitis or an acute bursitis following work in a mine. During this survey, 57 cases of 
beat knee and 3 of beat elbow were observed. 

Bacteriological investigation revealed that 59% of the beat lesion swabs cultured pathogenic 
staphylococci. Carriers of pathogenic staphylococci were more than twice as frequent among 
men with lesions as among controls. The nasal carrier rate was high. Men with greasy skins 
had the highest incidence of beat disorders and the highest carrier rates. Serum levels of 
staphylococcal antitoxin were determined. Men with high antitoxin levels had a very high 
incidence of beat disorders and staphylococcal infections. Phage typing of organisms isolated 
from beat lesions and carriage sites indicates that usually both harbor the same type of organism. 

Incidence of beat disorders was high among postpubertal men and high among those with 
previous beat infections or recent staphylococcal infections. The beat knee or elbow is believed to 
follow staphylococcal infection of a follicle. When the infected follicle is exposed to pressure, 
friction, or movement, the infection invades, tissue and gives rise to a cellulitis. No cases of a 
cut or of an abrasion which developed into a cellulitis were observed during the survey. When 


acute bursitis developed, a history of severe injury to the bursa or of an antecedent cellulitis 
Was usually present. 


Knee pads and hardening of the skin were found to be ineffective as preventative measures. 
Control of the infective agent was also found to be difficult. Hormones, vaccines, and careful 
and thorough cleansing of the skin are all questionable measures and are hard to evaluate. 
Supervision of men at risk, especially those most susceptible, is the most effective prophylaxis. 


An important therapeutic measure is temporary transfer to work off the knees. 


JERROLD ScHwWaARTz, Boston. 


Stup1iEs on Cotton Dust RELATION TO Bysstnosis. III: ComMPariIson oF Cotton 
Dust anp House Dust spy CHEMICAL AND SKIN Tests. H. R. Cayton, G. FURNEss, 
D. S. Jackson, and H. B. Maitianp, Brit. J. Indust. Med. 9:303 (Oct.) 1952. 


Cotton dust extracted in several ways is examined qualitatively and quantitatively. The 
results, compared with previous analyses of house-dust extracts, indicate that both are the 
same type of compound, with similar polypeptide groups and a polysaccharide. Molds are also 
chemically similar. 

Skin reactions of cotton-dust extract and house-dust extract (“standard crude extract” or 
Domagen) were then compared. Both early (10 minutes) and late (9 hours) reactions occurred 
with the cotton dust, while the Domagen reactions were all early. Both extracts were active 
after being heated. It is assumed that the early reactions are due to the polypeptide poly- 
saccharide compounds, while the late reactions may be due to an irritant or toxic substance acting 
directly on the tissues and not concerned with hypersensitivity. 

The interpretation of these results is still unclear. Since tests were made on normal adults 
who had not been exposed to cotton dust and who did not suffer from allergic manifestations, 
further work must be done to determine which reactors are hypersensitive to cotton dust. 


JERROLD SCHWARTZ, Boston. 
THE VALUE OF THE ELECTROCARDIOGRAPH FOR EXAMINING ANTHRACO-SILICOTICS. F. 
LAVENNE, Hasselt: Inst. hyg. mines gén. (Communication 90) Oct. 30, p. 168, 1951. 


The author used the electrocardiograph to examine 11 patients with anthracosilicosis, with 
clinical signs of loss of compensation of the right ventricle, and 200 patients with anthracosilicosis, 
compensated for invalidity but still ambulant, who were doubly classified according to the extent 
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of fibrosis present and according to the amount of emphysema. The findings are presented in 
somewhat cryptic symbolism. They are held to justify the claim that the electrocardiograph 
may be of considerable value in establishing early strain on the right side of the heart. 


E. L. Hye.]. 


THe Kocu BAcILLUS IN THE SPUTUM OF SILICO-TUBERCULOsIS PATIENTs, USING THE 
FLUORESCENT MICROSCOPE AND THE AURAMINE TECHNIQUE. G. Sarita and C. D1Naro, 
Med. lavoro 43:291 (Aug.-Sept.) 1952. 


Investigation of the Koch bacillus in the sputum of 22 patients with silicotuberculosis was 
carried out in a comparison of Ziehl’s method with the auramine fluorescence method. The 
auramine method was slightly more sensitive. With its use it was possible not only to reveal 
a larger number of Koch bacilli in the sputum but also to show the presence of bacilli 
in sputum which gave negative results with Ziehl’s method. In these patients, positive sputum 
was confirmed by the inoculation of guinea pigs. In patients given intensive antituberculosis 
treatment, the auramine method revealed the persistence of bacilli in sputum, even in sputum 
which was negative by Ziehl’s method. One patient only showed positive biological proof, despite 
a negative result with both methods. The auramine technique is especially recommended in 
cases of pulmonary tuberculosis of predominantly fibrotic type, with an emission of few bacilli 
as is the case in most patients with associated silicotuberculosis. The method is also recom- 
mended on account of its simplicity and rapidity of execution. In general, it saves time as 


compared with the biological and cultural methods. Aurnoas’ Sumieanr 


ADRENAL CorTICAL DEPRESSION IN SILICOTICS: CRITICAL OBSERVATIONS AND CLINICAL 
Finpincs. A. RAuLE, Med. lavoro 43:315 (Aug.-Sept.) 1952. 


The statement that in patients with silicosis depression of the corticosuprarenal function is of 
frequent occurrence is founded on the frequent observation of the following findings in silicotics : 
(1) morphological changes of the suprarenal cortex; (2) deficient results from the Thorn test; 
(3) low androgenuria values ; (4) low level of urinary excretion of prehypophyseal gonadotropin, 
and (5) clinical findings indicating hypocorticalism (hypotension asthenia anorexia). 

Adrenal cortex exhaustion is an aspecific condition which occurs among silicotics through 
the concomitant action of various causes; these include chronic fatigue, toxic action of silica, 
and hypoxemia from effort or during rest. Some clinical symptoms found fairly frequently 
in silicotics, consisting of lack of appetite, asthenia, and arterial hypotension, indicate that the 
stress has reached such an intensity as to involve the anatomico-functional equilibrium of the 
suprarenal gland. 

These clinical findings are to be kept in mind in connection with compensation inasmuch 
as they prove that the assessment of the degree of incapacity for work cannot be based 
exclusively on pulmonary function but should be based on comprehensive assessment of the 
state of health of the silicotic subject. 


Industrial Toxicology 


STUDIES ON THE VisuAL Toxicity oF METHANOL: I. THE EFFECT OF METHANOL AND 
Its DEGRADATION Propucts ON RETINAL MeEtABoLismM. A. M. Ports and L. V. 
Jounson, Am. J. Ophth. 35:107 (May) 1952. 


The inhibitory effect of methanol, formaldehyde, and formate has been measured on a number 
of the enzymic reactions of surviving beef retina. The authors conclude that the proximal toxic 


agent in methanol poisoning is formaldehyde. Conpensen Avraons’ Somminy 


VaLvuE oF BAL IN THE TREATMENT OF PoIsonING BY MERCURY BICHLORIDE. WARFIELD 
T. Lonescore, Bull. Ayer Clin. Lab. 4:61, 1952. 


Intramuscular injections of 5 to 10% dimercaprol (BAL) were given in 20% BzOCH2GHs 
in peanut oil. In cases of Hg poisoning, comparatively large doses of BAL were tolerated 
without development of symptoms of overdosage. Adults were given 300 mg. of BAL on 
admission, 150 mg. 1 to 2 hours later, 150 mg. 4 to 6 hours later, and, in serious poisoning, 


| 
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another 150 mg. within the first 12 hours after admission. During the ensuing 24 hours, 150 mg. 
was given two or three times in very ill patients. With improvement, dosage was decreased 
rapidly, and usually stopped within three or four days. The total amount given was 1.5 to 
3.0 gm. The only other antidote used was gastric lavage with 5 to 10% Na formaldehyde 
sulfoxylate solution immediately on admission. Blood transfusion was used in cases of shock 
on admission. BAL united with Hg in vivo to form an innocuous compound that was rapidly 


excreted. Use of this antidote must be prompt. Josern S. Hersurn [CHem. Ansr.] 


Curonic CapMium Porsoninc. E. W. Baapver, Indust. Med. 21:427 (Sept.) 1952. 


The present knowledge of the symptomatology of chronic cadmium poisoning is considered 
in light of the author’s experience. His findings in the case of patients exposed to the inhalation 
of cadmium fumes support the clinical picture of rhinopharyngitis, with deterioration of olfactory 
function, ulceration and bleeding, a yellow cadmium fringe on the neck of the teeth (in long 
exposures, dentures included), cough, dyspnea, emphysema, dyspepsia, anorexia, weight loss, 
proteinuria, and increase of erythrocyte sedimentation rate. Due to discrepancies in the findings 
of various groups, comparisons of international experiences are suggested. An interesting 
fatal case report of a 39-year-old man, including a postmortem study showing cadmium 
concentration to be highest in the kidneys and liver, is presented. Baader considers acute and 
chronic cadmium poisoning equally serious from the occupational disease standpoint. 


F. Brent, Boston. 


AcuTE PHEenot PorsontnG. S. JENKIN Evans, Brit. J. Indust. Med. 9:227 (July) 1952. 


The toxicological hazard of phenol has been discussed. The rapidity of onset of toxic 
symptoms after exposure to this substance is illustrated, and the necessity for treating phenol 


and its compounds with due care is stressed. Avuruon’s Sumnany. 


Tue CARCINOGENIC ACTION OF 4-AMINODIPHENYL AND 3: 2-DIMETHYL-4-AMINODIPHENYL. 
A. L. Wacpote, M. H. C. Witttams, and D. C. Roserts, Brit. J. Indust. Med. 9:255 
(Oct.) 1952. 


In reviewing the history of workers with aniline dye tumors, the authors have attempted 
to determine what carcinogens are present in the aniline industry. A study of the results with 
past workers and an analysis of the residues of the improved modern distillation of aniline 
have thrown suspicion upon 4-aminodiphenyl as the prime carcinogen. 

Animal experiments were performed, and results indicated that this compound produces 
intestinal tumors in the rat. By analogy with benzidine (which also produces intestinal tumors 
in rats and bladder tumors in man), it is suggested that 4-aminodiphenyl may also produce 
bladder tumors in man. 

From the results of these experiments and other work with aromatic amines, the authors 
have developed a hypothesis concerning the carcinogenic action of this entire group. It is 
suggested that in all these cases the effective carcinogen is an o-hydroxylamine formed in 


the body by metabolic hydroxylation. Jerrotp Scuwartz, Boston. 


BIoLoGIcAL DETERMINATION OF PREHYPOPHYSEAL GONADOSTIMULINS IN URINE OF PATIENTS 
witH Siticosis. A. RAute and A. Gosst, Med. lavoro 43:129 (March) 1952. 


Biological estimation of the anterior pituitary gonadotropins in the urine of 20 patients 
with pulmonary silicosis in various stages was carried out by use of the Varney and Koch 
method. 

In 13 of these patients insufficient gonadotropic elimination was found. In 10 of them 
insufficient urinary elimination of the 17-ketosteroids was noted in addition, and in 9 of them 
the Thorn test showed a deficit. 

The analysis of these results makes it possible to state that the cortico-adrenal insufficiency, 
frequently noted in persons with silicosis is generally of hypophyseal origin. Only in some 
cases is there a state of adrenal insufficiency, primarily localized in the cortex, and.even more 
rarely are dissociated states of functional impairment of the adrenal cortex established. 
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OccuPATIONAL DuE To PHospHORUS TRICHLORIDE. CARLO Sassi, Med. lavoro 
43:298 (Aug.-Sept.) 1952. 


Twenty cases of acute and subacute poisoning which affected workers employed in the 
production of phosphorus trichloride during the period from April, 1951, to May, 1952, are 
described. The concentration of phosphorus trichloride in the workrooms was 10 to 20 mg. 
per cubic meter under normal conditions and 80 to 150 mg. per cubic meter at times when the 
plant was out of order. 

In acute poisoning, the disturbances which set in after two to six hours of exposure consist 
of a burning sensation in the eyes and throat, photophobia, feeling of chest oppression, dry 
cough with irritation of the conjunctival mucous membrane of the pharynx, and slight bronchitis. 
In subacute chronic poisoning, the symptoms occur after one to eight weeks of work and consist 
of a slight degree of irritation of the pharynx, coughing, catarrh, effort and nocturnal dyspnea, 
with the objective finding of serious asthmatic bronchitis. After one to two years’ employment, 
there is the appearance of pulmonary emphysema. In both acute and subacute chronic poisoning, 
slight rises in temperature accompanied by moderate leucocytosis with neutrophilia are of fre- 
quent occurrence. Roentgenologically, the chest presents a normal appearance or shows slight 
signs of exaggeration of the pulmonary markings. The acute forms clear up in three to six 
days. The subacute forms last 10 to 15 days and show a marked tendency to recur and to 
evolve into chronic bronchitis of asthmatic type with emphysema. 

Phosphorus trichloride is an irritant substance which exerts its action at the level of the 
skin and mucous membrane, where it decomposes into hydrochloric and phosphoric acid, depriving 
the tissues of water with production of intense heat. Workers suffering from poisoning 
should be removed from exposure and treated with frequent bathing of the eyes and with 


aludrine aerosols, penicillin, and balsamic remedies. Avrnows Soman. 


DiaGNosis OF OccuPATIONAL CARBON DiIsuLFIDE Potsoninc. A. NUNZIANTE CESARO, 
Med. lavoro 43:307 (Aug.-Sept.) 1952. 


The objective and subjective elements of occupational carbon disulfide poisoning are reviewed. 
It is emphasized that for early diagnosis investigation of vascular changes should not be over- 
looked. The author proposes that semeiological examination should be based on two groups 
of findings, neurological and vascular. Among neurological symptoms, hypoesthesia and the 
results of electrodiagnosis tests should be sought. In regard to vascular symptoms, it is advisable 
to measure the arterial retinal pressure and to examine the fundus oculi and renal function 
(Roméo’s test is recommended). The suggestion is made that the arterial retinal pressure should 
be measured at the preemployment examination and periodically thereafter in the case of workers 


exposed to carbon disulfide. 


ARTERIAL RETINAL PRESSSURE IN WORKERS EXPOSED TO THE RISK OF CARBON DISULFIDE 
Portsoninc. A. NUNZIANTE CesAro, Med. lavoro 43:312 (Aug.-Sept.) 1952. 


The incidence of increased arterial retinal pressure in workers exposed to carbon disulfide 
poisoning is estimated. The increase in arterial retinal pressure (in relation to figures for normal 
arterial pressure) is of frequent occurrence, especially among workers employed in the spinning 
and viscose thread department after upward of five years at this work. Next in order of 
incidence come workers employed in the washing and viscose thread department. No appreciable 
diversity of incidence was found between workers aged 30 to 45 years and those between 45 and 
65. It is concluded that the increase in arterial retinal pressure is to be ascribed to carbon 
disulfide, to the duration of the exposure, and to the concentration of the toxic product in the 
working environment. The greatest number of workers with retinal hypertension is found 
in the spinning and viscose thread department in which atmospheric concentrations of carbon 


disulfide are highest. 


New Type oF NEUROLOGICAL DAMAGE BY POISONING WITH CARBON MONOXIDE. DIEGO 
L. Outes and Epvarpo MENDIZABAL, Semana méd. 1:729, 1952. 


After severe carbon monoxide poisoning, atrophy of the hands and anesthesia of cir- 


A. E. Meyer [Cuem. Apsst.]. 


cumscribed areas of the body surface developed. 
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Tue FILTERING CAPACITY OF THE NOSES OF ANIMALS IN Dust INHALATION EXPERIMENTS. 
G. Wortn and E. ScHILer, Arbeitsphysiol. 14:407-412 (Oct.) 1951. 


An introductory section reviews the literature on the filtering capacity of the human nose - 
and its effect on the liability of men to contract silicosis. Experiments are described in which the 
filtering capacity of the noses of rabbits and dogs was measured accurately. The animals were 
made to breathe a cloud of fine rock drilling dust with particles below 2 #. Under narcosis 
with hexobarbital (“evipan”) sodium, a tracheal incision was made and a cannula introduced; 
thus the dust content of the inhaled air was compared with that of the original air offered. The 
dust measurements were made simultaneously with two konimeters and two tyndallometers, 
8 to 15 readings being taken during 10 to 30 minutes for each experiment. The tyndallometers 
have since been recalibrated against thermal precipitators, which were not available when the 
original experiments were made. 

The nose filtering capacity of five rabbits was found to vary between 77 and 92%, mean 
85+5%; that of six short-nosed dogs varied between 29 and 45%, mean 34+9%. It is 
concluded that dogs are more suitable than rabbits for dust inhalation experiments. 


G. NaGEtscHMiptT [BuLt. Hye.]. 


PoLAROGRAPHIC METHOD OF EsTIMATION OF LEAD IN URINE BY MEANS OF ION EXCHANGERS. 
Lipmita Martocuova, Prac. lék. 4:221 (June) 1952. 


A polarographic method of estimation of lead in urine by means of an ion exchanger is 
described. The principle of the method lies in the absorption of lead onto the ion exchanger 
and its regeneration in 7 N H6l. If 25 ml. of urine and 5 ml. of ion exchanger are used, this 
method will allow the lead to be estimated within a range of 1 to 10 ¥, i. e., 4 to 40 v%. If 
a greater or smaller quantity of urine or ion exchanger is used, this range may move up or down. 


ENGLISH SUMMARY. 


Medicine and Surgery 


CHEMICAL BURNS OF THE HUMAN CorRNEA (SyMpostUM: OcULAR INyURIES). RALPH S. 
McLavuGHLIn, Am. J. Ophth. 35:1088 (Aug.) 1952. 


Chemical burns are defined, and a method of treatment is presented. Exposure to a chemical 
should be followed for five minutes by copiously flushing the eye with ordinary tap water. 
No neutralization of the chemical should be attempted. The patient then proceeds to the 
care of those in the medical dispensary. There the injured eye is anesthetized, and 2% 
fluorescein sodium is applied and flushed. Examination for stain and foreign bodies is done. 
If stain is retained, the eye is flushed with isotonic sodium chloride solution for two 15-minute 
intervals, with staining technique done each time. If stain is retained after 30 minutes’ washing, 
the patient is considered to have a chemical burn. His eye is closed with a snug-fitting patch, 
and he is referred to the ophthalmologist as an emergency whether it is day or night. Outline 
of further treatment by the ophthalmologist and suggestions for after-care are presented. 


B. Kent Wi son, Boston. 


THe SECONDARY REPAIR OF CHEMICAL AND THERMAL BuRNS (SyMpPposiuM: OCULAR 
InyjuRIES). Epmunp B. Spaetu, Am. J. Ophth. 35:1091 (Aug.) 1952. 


If the eyeball is lost, procedures for correction are entirely cosmetic. Conditions of surgical 
failure on an eyeball with vision present or potentially recoverable are given, and optimal time 
for secondary surgery is discussed. Complications of iritis and secondary infection and their 
treatment are mentioned. Functionally, lost globes should be enucleated and may result in 
ectropion, entropion, or contracted socket or a combination of these three. Surgery for correc- 
tion is suggested. Enucleations should be done with some type of implant into Tenon’s 
capsule, and the technique is given. Radiation therapy may be used in superficial vascularization 
and opacification. Suggested procedures for corneal opacities are optical iridectomy, super- 
ficial keratectomy, superficial nonpenetrating keratoplasty, and penetrating keratoplasty. Indica- 


tions and method used are given for each. B. Kent Witson, Boston. 


_ 
— 


180 INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


LACERATIONS OF THE EYE AND ADNEXA (SyMposIUM: OcuULAR InjuRIES). Harotp G. 
Scueie, Am. J. Ophth. 35:1096 (Aug.) 1952. 


This paper is a review of the more important principles of first-aid and definitive treatment 
of injuries of the eye and adnexa. Major first-aid features in lid lacerations are cleansing 
of the wound, examination, and sterile dressing, with care taken to protect the eyeball if 
exposed. Definitive procedures are governed by careful evaluation. The importance of emphy- 
sema, enophthalmos, loss of vision, and diplopia is considered. Problems and methods of closure 
are given, and early closure is advocated to prevent deformity. Immediate treatment of 
laceration involving the eyeball is aimed at prophylaxis against further injury and as far as 
possible against future complications. The injured eye is immobilized to prevent herniation of 
ocular contents. No attempt should be made to remove foreign bodies or blood clots because of 
possible further damage. Use of antibiotics, atropine, and tetanus antitoxin or tetanus toxoid 
are urged. Careful examination and definitive therapy are left to the ophthalmologist. Manage- 
ment of lacerations of the cornea and sclera, iris prolapses, traumatic cataracts, and wounds 
about the ciliary body are discussed; gravity of sympathetic ophthalmia is stressed. 


B. Kent WItson, Boston. 


Environmental Conditions 


ConTROL OF METALLURGICAL AND MINERAL Dusts AND FuMEs IN Los ANGELES County, 
CALIFORNIA. GLENN L. ALLEN, FLoyp H. Vets, and Louis C. McCase, Bureau of 
Mines, Inf. Cir. 7627 (April) 1952. 


Meteorological and topographical peculiarities of the Los Angeles area (combined with a 
steady increase in industrialization) have given rise to frequent intense, industrial smog condi- 
tions. The nonferrous metallurgical industry is a major contributor to atmospheric pollution 
because of the high volatility of zinc and the extremely small mean particle size of zinc oxide 
fume. A baghouse equipped with specially woven glass-fabric bags has proved adequate for 
cleaning effluent gases from the larger furnaces which emit heavy dust loadings at high 
temperatures. For smaller furnaces with lower loadings and cooler gases, the conventional 
baghouse has been found satisfactory. It is reported that glass bags have a useful life of about 
two years, although this observation appears to be based on rather limited experience. Filtration 
rate is 3 cfm per square foot of cloth, and resistance is 4 to 4.5 in. of water under the conditions 
of use. When melting brass scrap in reverberatory furnaces, the efficiency of this glass-bag 
collector was greater than 99.99% by weight. 


In the gray-iron foundry industry, cleaning equipment capable of reducing cupola-stack 
emissions to permissible levels is beyond the financial ability of most small foundries. Other 
types of gray-iron melting furnaces, i. e., electric, reverberatory, or rotary may be substituted 
for the open-top cupola to reduce stack loading. High-temperature baghouses with glass bags or 
mechanical inertial separators followed by hydrodynamic scrubbers are suggested as adequate 
collecting systems for gray-iron melting operations and are now under study. A low-cost, 
Cottrell-type electrical precipitator for use in. small foundries is also under development. 
Development of a large electrostatic precipitator for open-hearth steel operations is reported 
to have been successful, and the use of high-temperature baghouses and dynamic scrubbers is 
suggested for electric steel furnaces. 

In addition to extensive information on dust-control experience in the metallurgical industries, 
there is a brief but informative discussion of many sources of mineral dust emission (and the 
effectiveness of a large variety of collectors) in rock products, asphalt paving mix, ceramics, 
glass, rock-wool, and asbestos plants. M. W. First, Boston. 


Determination of Air-Borne Contaminants 


Dust SAMPLING: ERRORS AND LIMITATIONS OF THE P.R.U. Hanp-Pump Ovutrit. H. H. 
Watson, Colliery Guard. 184:543 (May 8) 1952. 


The P.R.U. (Pneumoconiosis Research Unit) hand pump is used extensively in British 
coal mines to provide rapid assessment of dustiness. By this method a definite quantity of air 
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is drawn through a filter paper, and the depth of stain is measured by a densitometer. The 
instrument is calibrated by comparing the readings with particle counts obtained by a standard 
method. Similar hand-pump methods have been used in the United States and Canada. The 
author shows that conversion from P.R.U. apparatus to thermal precipitator counts cannot be 
done accurately. Investigations of a prefilter designed to eliminate the larger nonrespirable 
particles showed that, with the hand pump in its present design, the method was unsatisfactory. 
Therefore, the hand pump has been found to be unsuitable for accurate measurements of dust 
concentrations in the respirable size range. It is suggested, however, that a paper-stain 


instrument could be designed in such a way that the densitometer readings could be related to 
the dust hazard. Inpust. Hye. Dicest. 


Repuction or Dust 1N STEEL Founpry Operations. W. A. Bioor, Foundry Trade J. 
91:30, 46 (July 12) 1951. 


The author reports research work carried out by the British Iron and Steel Research 
Association in developing a rapid method for measuring and recording dust concentrations. 
Series of standard photomicrographs were prepared, in which the dust count varied by steps, 
with different average particle sizes in different series. The samples were compared visually 
with the standard photomicrographs. The Owens jet sampler was used in all the experiments. 
The question of the best method of selecting squares for counting is discussed. The results 
obtained in 24 foundries, with dust counts ranging from 200 to 6,400 particles per cubic 
centimeter, showed sufficient agreement between the comparison method and actual counts. It 
is not feasible at present to set up an allowable limit for foundry dust, but some suggestions 
leading to the adoption of a limit are presented. The chemical method of determination of free 
silica is also discussed, with suggestions for application and improvement of the method. 


Inpust. Hyc. DiGEst. 


THE DETERMINATION OF SULFUR DIOXIDE AND SULFUR TRIOXIDE IN FLUE Gases. P. F. 
CorsetT, J. Inst. Fuel 24:247 (Nov.) 1951. 


The author reviews the underlying principles of an analytical method for the estimation of 
small traces of sulfur trioxide in the presence of a considerable excess of sulfur dioxide. Initial 
attempts to reveal a correlation btween the sulfur trioxide concentration and the dew-point 
temperature of flue gases have been encouraging. 


Tecu. Rev. [INpust. HyG. Dicest.]. 


Do TRANSPORT JERKS AFFECT THE RESULTS OF THE BAUSCH-LoMB Dust CoUNTER? VIKTOR 
KriZan, Prac. lék. 4:234 (June) 1952. 


The author studied experimentally whether or not it was possible to transport without 
appreciable loss slides with dust samples collected by means of the Bausch-Lomb dust counter 
from the locality in which the sample was taken to the laboratory for further investigation. 
He arrived at the conclusion that losses through the shaking of the slides are not such as to 
distort the results appreciably and that there is no significant difference in the results obtained 
with slides shaken in different positions and secured in different ways. 


ENGLISH SUMMARY. 


Ventilating, Air Conditioning, and Engineering Control 


THE SOLUTION OF VENTILATION NETWORK Prosiems. D. R. Scott and F. B. HINs.ey, 
Trans. Inst. Min. Engrs. 111:347 (March) 1952. 


One of the main problems in the planning and reorganization of mine ventilation is the 
estimation of the distribution of air flow and of ventilation pressure in the proposed new or 
modified networks of shafts and airways. Two methods of making these estimations are outlined. 

The first method is by the use of an electrical analogue in which the ventilation network 
is simulated by an electrical circuit, the airway resistances being represented by tungsten-filament 
lamps modified by suitable ohmic resistances. In the second method the network problems are 
solved mathematically by successive approximation. 
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Both methods may be applied to the solution of all types of air-flow network problems. If 
several alternative methods of solving the ventilation difficulty are available, the mathematical 
computations may become tedious, and the main disadvantage of the lamp method is the time 
taken to set up the circuit. 

For the future the most satisfactory arrangement would be the use of some completely 
automatic computing machine designed for the purpose of solving these network problems, and 
such a machine would need to be flexible and easily set up. The authors are pursuing work 


along these lines. Tuomas Beprorp [But Hy«.]. 


Some Practica Aspects oF CoAL-MINE VENTILATION. R. T. Artz, U. S. Dept. of the 
Interior, Bureau of Mines, U. S. Govt. Printing Office, Washington, D. C., 1951. 


This handbook was prepared as a nontechnical reference on ventilation methods and equip- 
ment for coal-mine officials. Simple observations of the behavior of air flow in face regions are 
more important and contribute more to the improvement of face ventilation than a mathematical 
analysis because of the absence of appreciable ventilating pressures through any single section 
of the mine. Ventilation practices in sections of 10 different mines are described and illustrated. 


M. W. Frrst, Boston. 


ContTROL AND REMOVAL OF RADIOACTIVE CONTAMINATION IN LABORATORIES. National 
Bureau of Standards, Handbook 48, U. S. Govt. Printing Office, Washington, D. C., Dec. 
15, 1951. 


Permissible levels of contamination, preventive measures, and decontamination procedures 
for the skin, clothing, bedding, laboratory tools and glassware, etc. are discussed. Specific 
materials are recommended for use as surfaces of floors, work benches, and hoods. Emergency 


measures are outlined. Sc. 


PracticaL Aspects OF INDUSTRIAL Dust Suppression. W. B. Lawrie, Brit. J. Indust. 
Safety 2:75, 1951. 


If the best results are to be derived from dust-control measures in a factory, local exhaust 
and general ventilation must be considered together. The evolution of dust should be prevented 
as far as possible, and the local exhaust ventilation should then be designed. With effective 
local exhaust there will be relatively little dust to be removed by the general ventilation, so 
that capital costs and heating costs will both be reduced. 

Dust-producing processes should be housed in buildings that have been designed to make 
ventilation easy—much stress is laid on this. When the processes involve furnaces or other 
sources of heat, the roof should be well insulated, so that mechanical extraction from the roof 
is more efficient. 

General ventilation should not be considered until all aspects of the dust or fume production 
have been dealt with. Upward ventilation is the most practicable form where there are scattered 
sources of heat. The ventilation engineer should know the method of generation of the dust or 
fume, its initial temperature, method of propagation or flow, the path it will take, and its speed. 
Rooms with no hot processes may be ventilated downward toward the floor. This method is 
being increasingly used in Sweden. 

The principles of local exhaust ventilation are discussed. Promising results have been given 
by the use of very high velocity air curtains which operate on small air volumes. 

Recent developments in the study of exhaust systems include the use of a cine-camera 
for observing the aerodynamics of the system, and this method has shown that exhaust hoods 
may extract air but yet fail to remove the dust. 


This stimulating paper, by an author who is making valuable studies of dust control in 
industry, deserves careful attention. 


Tuomas Beprorp [Butt. Hy«.] 
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Tue Retation BETWEEN PLANT STRENGTH AND Dust ExpLosion RELIEF. DONALD 
MartHEsON, Proceedings of the Association of British Chemical Manufacturers, Fourth 
Conference on Chemical Works Safety. Page 65, 1952. 


Methods of protecting a vessel or plant from internal explosions are reviewed. In the case 
of dust explosions, allowable pressures are low, because the structures in which they occur are 
weak relative to pressure vessels. Factors affecting dust explosion pressures are described. 
It may not be feasible to provide adequate explosion relief compatible with other plant require- 
ments. In these cases consideration should be given to designing the structure to withstand 


higher pressures. The article lists 10 references. ALLEN R. Jones, Boston 


A REVIEW OF THE VENTILATION OF SOME DEEP MINES (WITWATERSRAND GOLD FIELDs). 
M. Barcza, J. Chem. & Metall. Soc. South Africa 52:168 (Feb.) 1952. 


The author presents a broad picture of the tremendous problem involved in ventilating some 
of the deep mines of the Witwatersrand area. There gold is mined to a depth of 9,000 ft. and 
the virgin-rock temperature is approximately 110 F. 


The problems discussed include physiological response to heat, heat flow from rock, resistance 
of airways, refrigeration, and dry mining. Pertinent production and ventilation data are 
presented in tabulated form. 

The cost of properly ventilating the mines is staggering. In 1950 ventilation costs amounted 
to about 1 s. per ton, excluding capital costs. Air cooling has cost about 2 d. per ton mined. 
A good discussion on the economics of ventilation is presented. Conclusions are reached that 
it should be practicable to mine to a depth of 10,000 ft., where the virgin-rock temperature 


will probably be 116 F. E. J. Krokrosk1a, Bonne Terre, Mo. 


Accidents and Their Prevention; Protective Equipment 


SAFETY AND INDUSTRIAL HYGIENE IN THE LABORATORY. Howarp H. Fawcett, Chem. & 
Engin. News $30:2588 (June 23) 1952. 


The ever-increasing changes in the concept of a laboratory, along with a diversification of 
the activities of the laboratory itself, have introduced a new approach to accident prevention. 
Accident prevention must include measures of safety, industrial hygiene, health, and fire and 
explosion protection. The author points out three different approaches: (1) planned facilities, 
including a location at a reasonable distance from other buildings, sound building construction 
featuring fire and explosion resistance, sufficient exits, proper ventilation, safety showers, and 
adequate storage facilities; (2) proper equipment, such as glassware in top-notch condition, 
electric heating mantles, enclosures for operations under pressure, spark-proof motors where 
necessary, and proper grounding of electrical equipment, and (3) education, including the develop- 
ment of safety consciousness in personnel by the use of warning labels, dosimeters, and film 
badges where necessary, training in first-aid measures, and frequent rehearsals of emergency 
Puitip LaTorre, Boston. 
Hazarps IN THE PLATING AND THEIR ContRoL. S. Moskowitz, Month. 

Rev. New York State Dept. Labor 31:25, 29 (July, Aug.) 1952. 


Three kinds of occupational injury may occur in the electroplating industry, namely, injury 
to internal organs, dermatitis, and mechanical accidents. Internal injury may result from 
exposure to cyanides, cadmium, lead, chromates, alkali cleaning solutions, degreasing solvents, 
pickling acids, and materials for buffing and polishing. These hazards are all discussed. They 
can be prevented by proper exhaust ventilation and personal protection. Contact with a number 
of the same chemicals may cause dermatitis. Preventive measures are discussed, with emphasis 
on cleanliness. Suggestions are given for safe storage and handling of toxic materials. 


Inpust. Hyc. Dicest. 
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PREVENTION OF SKIN DAMAGE BY SUNLIGHT. C. D. Bett and W. F. Mazzoneg, U. S. Armed 
Forces M. J. 3:1225 (Aug.) 1952. 


Repeated overexposure to sunlight is an occupational hazard for naval personnel. The authors 
prefer the term heliodermatitis for what is sometimes referred to as “sailor’s skin.” It is seen 
chiefly in the habitually uncovered areas of the body. A peculiar mottled, bluish whiteness 
appears on the lower lids, the cheeks, and the backs of the hands. This background is etched 
by tiny, dilated blood vessels. As exposure continues, the telangiectases multiply. The skin 
becomes thin, lax, and without luster, except on the back of the neck where it is markedly 
thickened. Here the wrinkles deepen into furrows. Eventually small scaling patches appear; 
these, in time, become indurated papules, which are senile keratoses and have the potentiality 
of becoming prickle-cell epitheliomas. A papule or nodule exhibiting a raised border and usually 
a crusted or ulcerated center may also be present. This is a basal-cell epithelioma. Persons 
prone to sunburn, especially those who blister, are most readily affected; among these the most 
susceptible are the red-haired, freckled types. 

The actinic band of sunlight, around 3,000 A., is responsible for the permanent changes 
induced in the skin. 

Bell and Mazzone discuss preparations that are used for protection against sunlight and 
say that paraaminobenzoic acid totally absorbs the ultraviolet light between 2,600 and 3,130 A. 
However, because this preparation has no action beiow 2,600 A., it will not prevent initial 
erythema, and because light above 3,130 A. is free to act, it will not prevent darkening of 
pigment already present. Paraaminobenzoic acid is not easily adaptable to common ointment 
bases because of its insolubility. The sodium salt of paraaminobenzoic acid, however, is readily 
soluble in both alcohol and water. 

The authors further describe how paraaminobenzoic acid can be combined with sodium and 
how sodium paraaminobenzoic acid can be incorporated into standard pharmaceutical prepara- 
tions. 


Tue Use oF THE BARRIER CREAM “KERODEX” IN THE Foop CANNING INDUSTRY. CARLO 
BeEssERO, Med. lavoro 43:215 (May) 1952. 


In a food-canning factory experiments were made with the barrier cream known as kerodex 
no. 1 for the prevention of dermatitis in women employed in peeling tomatoes. The regular use 
of this barrier cream, applied before commencing shift work, resulted in the reduction of cases 
of dermatitis from 38% in the case of 111 women workers employed in 1950 to 1.5% in the 
case of the 118 women employed in 1951. No alteration in the organoleptic and comestible 
properties of the product handled by the women using the cream was noted. 


ENGLISH SUMMARY. 


Radioactive Substances and X-Ray 


CLINICAL AND PATHOLOGICAL CHARACTERISTICS OF RADIATION CATARACT. Davip G. CoGAN, 
Davip D. Donatpson, and ALGERNON B. REEsE, A. M. A. Arch. Ophth. 47:55 (Jan.) 
1952. 


The clinical features of cataract in human beings characteristic of radiation are the doughnut- 
shaped configuration, as seen with the ophthalmoscope, and the sharply demarcated anterior 
boundary of the opacity and the bivalve configuration of the opacity, as seen with the slit-lamp 
biomicroscope. These are not seen in all stages of radiation cataract and are not exclusively 
found in radiation cataract, but when present they are strongly suggestive of the radiation type 
and are usually sufficient to differentiate the radiation type from posterior polar cataract and 
cataracta complicata, with which it may easily be confused. The histologic changes of radiation 
cataract consist primarily of failure of the cells at the equator to differentiate into lens fibers, 
and early migration of cells beneath the posterior capsule toward the posterior pole. These 
aberrant cells may cause thickening of the capsule and undergo changes that are interpreted as 
abortive attempts at differentiation of lens fibers. In general, the histologic manifestations of 
radiation cataract are less type-specific than are the clinical signs. 


NUCLEAR Sc. ABST. 
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RapIATION ExposurE IN SHOE SToRES. M. R. MAyers, SAUL Harris, and GEORGE PAUL, 
Month. Rev. New York State Dept. Labor 31:33 (Sept., Oct.) 1952. 


In the use of the shoe fluoroscope, two serious problems immediately present themselves: (1) 
The equipment is operated by shoe clerks with no special qualifications or knowledge of the 
hazard; (2) it is used mostly to fit children’s shoes. General safe standards for radiation 
exposure from shoe-fitting fluoroscopes are discussed, and a variety of safeguards used by a 
number of public-health agencies are presented. A field study of 71 unselected shoe stores 
outside the Metropolitan Area of New York covered 78 machines. Observations in the survey 
included the following: (1) intensity of primary beam; (2) exposure to scattered radiation; (3) 
automatic cut-offs; (4) warning signs, and (5) customary operating procedures of clerks. 
Some of the general safeguards for protection of the shoe clerk, customers in the store, and 
the child are treated. This study revealed a radiation hazard from the use of shoe-fitting 


fluoroscopes in shoe stores, permitting cumulative exposure to radiation in excess of the accepted 
safe limits. James E. Turner, Boston. 


RapDIoLoGy AND EFFEcts oF WHOLE-Bopy IRRADIATION. E. P. CRONKITE 
and GEORGE BRECHER, NP-3796; Lecture and Review Series 51-11; R6317 (Nov. 15) 1951. 


Biological effects of whole-body irradiations are reviewed. Topics covered include dose 
measurements and lethal dose, survival time and clinical syndromes, intestinal injury, bone 
marrow injury, anemia, hemorrhage, infection, late effects, modification of response, and 
mechanics of protective action. A brief discussion of the medical aspects of atomic warfare 


is ir sixty-fiv onces. 
is included. There are one hundred sixty-five references Nocasan: Se Ame 


Rapium HaAzarpD IN AN AIRCRAFT INSTRUMENT SuHop. R. K. Snow, Nucleonics 10:62 
(March) 1952. 


Tests of radioactive contamination at the aircraft-instruments repair shop of the U. S. Naval 
Air Station at Alameda, Calif., show that tolerances prescribed by the Atomic Energy Com- 
mission for work with a emitters were being exceeded. The new control measures which were 


instituted successfully are described. ee 


X-Ray DosaGE To PATIENTS AND STAFF IN DIAGNOsTIC RADIOLOGY: AN INVESTIGATION AT 
Dunepin Hospitats. H. D. Jamieson, New Zealand M. J. 51:159 (June) 1952. 


The problem of what x-ray dose is dangerous to (1) staff and (2) patients is discussed. 
The significance of dose measurements at the surface of the skin is considered, and desirable 
upper limits for such dosage to patients and staff are suggested. Values of dose measurements 
on patients or equivalent wax phantoms for a variety of routine x-ray diagnostic examinations 
are given. In addition, data are given for patient dosages during direct fluoroscopy. Staff 
protection measurements during 1946 through 1951 inclusive, type of work done by staff members 
receiving more than 0.05 r in one week, and staff dosages in mass miniature roentgenography 
according to the roentgenographer’s duty are discussed. Causes for high doses are given, 
and recommendations for reducing the dose to the patients and to the staff are made. 


James E. Turner, Boston. 


INHALATION oF AEROSOLS AND Its PREVENTION (IN CErsTMIR 
Jecu, Acta radiol. et cancerol. bohemosloven. 5:45 (Dec. 30) 1951. 


An a-emitting aerosol of 30% Io (Th*8°) and 70% Th?32 suspended in water was inhaled for 
three minutes by a rat, which was then immediately killed. Nuclear-emulsion radioautographs 
of lung sections showed the particles to be of 1 to 5 # in diameter and to be located mainly 
in the walls of the bronchi, only rarely being found in the alveoli. Inhalation by a man of 
air containing 10°12 cm. of Rn and its decay products/cc. resulted in 50% retention of the 
radioactivity, as measured by the expired air. These results are in agreement with those of 
other authors that there is substantial retention of aerosols in the respiratory tract. Simple 
filtration through dry filter paper, cotton, or sintered glass removes practically all aerosols from 


air. Sc. Asst. 


News and Comment 


COUNCIL ON INDUSTRIAL HEALTH OF THE AMERICAN MEDICAL ASSOCIATION 
News Letter, February, 1953 


The Joint Conference of the Council on Industrial Health of the American Medical Asso- 
ciation and of representatives of the Committees on Industrial Health of the State Medical 
Associations was held in Chicago on Jan. 20, 1953, as the opening session of the Thirteenth 
Annual Congress on Industrial Health. Since its beginning in 1951, this organization has grown 
from a small group of 13 official state representatives the first year to a representation of 
26 states this year. It was most encouraging and gratifying to have many interested physicians 
from throughout the country, as well as a few of the executive secretaries of the State 
Associations, swell the attendance to nearly 100. We look forward to this as a trend that 
will grow each succeeding year. 

Dr. Gradie Rowntree, Chairman of the Joint Conference, opened the session by introducing 
Dr. A. J. Lanza, Chairman of the Council on Industrial Health, who briefed the group on the 
present interests and activities of the Council. A summary of the accomplishments during the 
past year by the various state committees was vividly portrayed by Dr. Max Burnell, Vice- 
Chairman of the Conference. He concluded his report with the challenging conviction that this 
review of state industrial health programs resulted in a near perfect blueprint. 

Reports from the field gave the Council a plan for preparing general practitioners for 
industrial medical service. Then followed a lively presentation of how the health problem of 
the small plant is being met under management sponsorship, union-management sponsorship, 
and private-practice sponsorship of industrial health services. The closing speaker whetted 
the imagination with the concept that every physician has an opportunity for research in industry. 
Provocative questions and stimulating discussion followed each presentation. 

It is planned that these papers will be published as a group in the A. M. A. ARCHIVES OF 
INDUSTRIAL HYGIENE AND OccUPATIONAL MEDICINE and subsequently be made available for 
wider distribution through the reprint service of the Council. 

“Industrial Health Experiences in Pennsylvania,” presented at last year’s Conference, tells 
how the medical profession in one state is meeting the needs for industrial health education 
and services. This story appeared in the December, 1952, ArcHIvES and reprints are now 
available. 


CORRECTION 


In “Threshold Limit Values for 1952,” published in the August, 1952, issue of the A. M. A. 
ARCHIVES, page 178, the first item in the second column should be “Cyclopropane (propene)” 
and the 13th item should be “Diethylamine.” 


On page 376 of the October, 1952, isssue of the A. M. A. Arcuives, in the abstract of the 
article by Policard and Collet on “Microdissection Studies of Coal Dust Deposits in the Lungs 
of Miners,” the first sentence of the third paragraph should read “Dense fusiform or ovoid con- 
glomerates, 15-25 “ in diameter, were found surrounded by some old dust cells, free histiocytes, 
and fibroblasts.”” On page 379, in the abstract of the article by H. Symanski on “Health Hazards 
in the Manufacture of Nitroglycerol,” “nitroglycol” should be substituted for “nitroglycerol.” 


In the article by Erik Thrysin, Gideon Gerhardsson, and Sven Forssman, published in the 
November, 1952, issue of the A. M. A. ArcHives, page 381, in the list of sizes of elec- 
trodes in the footnote to Table 1, the first line should read “3.25 and 4 mm. welding rods, 
ordinary . . ....... . The line directly beneath the head of 
Table 16 should read “Base Material: 10 Mm. 57SH (Aluminum Alloyed with 2.5% Mg. and 
0.25% Cr).” 
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SEX EDUCATION 


BOOKLETS 


@ FOR YOUNG PEOPLE 
Parents will find the help they are seeking in this modern series 
of pamphlets by Dr. Thurman B. Rice. Being a physician, biologist 
and teacher, as well as the father of a family, Dr. Rice is well 
equipped to deal with this difficult subject properly and helpfully. 


THOSE FIRST SEX QUES- 
TIONS 


For the parents of very young 
children. Answers to the grop- 
ing questions of the littlest 
ones. 40 pages. 25 cents. 


THE STORY OF LIFE 


For boys and girls ten years 
of age, telling them how the 
young come to plants and 


human parents. 36 pages. 25 
cents. 


HOW LIFE GOES ON 

For girls of high school age. 
Their role as mothers of to- 
morrow. 44 pages. 25 cents. 


IN TRAINING 

For boys of high school age, 
interpreting their adolescent 
development in terms of ath- 
letiec and other achievements. 


50 pages. 25 cents. 


THE AGE OF ROMANCE 


For young men and women 
dealing with the problem as 
a unit for both sexes. 44 
pages. 25 cents. 


25¢ each 
Set of five 


in file case, $1.25 


@ FOR ADULT READING 


Quantity prices 
quoted on request 


AMERICAN MEDICAL ASSOCIATION 


SEX EDUCATION FOR THE PRE- 
SCHOOL CHILD 
By Harold E. Jones and 
Read. 12 pages. 15 cents. 
SEX EDUCATION FOR THE TEN 
YEAR OLD 


Katherine 


By Marjorie Bolles. 12 pages. 15 cents. 
SEX EDUCATION FOR THE ADO- 

LESCENT 

By George W. 
Landis. 20 pages 


Corner and Carney 


15 cents. 


THE FACTS ABOUT SEX 
Also. 


Audrey McKeever To be 
parents or children. 16 
ANSWERS TO PRACTICAL QUESTIONS 

ON MENSTRUATION 
By Margaret Bell. & pages 


read by 


pages. 15 cents. 


15 cents 


535 North Dearborn Street 
Chicago 10, I. 


SEX EDUCATION FOR THE MARRIED 
COUPLE 


By Emily Hartshorne Mudd. 12 pages 
15 cents. 
SEX EDUCATION FOR THE WOMAN 
AT MENOPAUSE 
By Carl J. Hartman. 12 pages 
Set of 5 titles as above, 50 cents 


GETTING READY FOR MARRIED LIFE 
By Howard Dittrick. 29 pages. 20 cents. 


HELP FOR CHILDLESS COUPLES 
By J. Db. Wassersug. 6 pages. 15 cents 


THE WORD YOU CAN'T SAY (MAS- 
TURBATION) 
By Hannah Lees. 


8 pages. 15 cents 


1 ‘ 
gm SS 
Neg 
aN 
aS 


“The advantage of using 


a single agent for 
scrubbing the patient’s 


skin and the surgeon’s 
hands is evident.’”’ 


pHisoHex, routine 2 minute “surgical hand prep” 
in leading hospitals, is now used extensively for 
preoperative preparation of the patient’s skin. 


Rapid in action pHisoHex makes skin virtually sterile in most 
instances, not merely surgically clean. 


Long-acting pHisoHex inhibits bacterial growth for hours and 
days because it is adsorbed to skin. 


Safe and gentle pHisoHex is hypoallergenic, nonirritating; it con- 
tains no alkali, potash, fatty acids or coconut oils. 


® 
(PHISODERM® WITH HEXACHLOROPHENE 3%) 


Continuous hand antisepsis is practically assured 
the surgeon who uses pHisoHex daily and ex- 
clusively. For office and home use pHisollex is 
available in a 5 oz. refillable squeeze bottle. Also 
in pints and gallons. 


Yl INC. NEW YORK 18, N.Y. WINDSOR, ONT. 


. Artz, C. P., Pulaski, E. J.. and Shaeffer, J. R. : 
U. S. Armed Forces Med. Jour., 2; 819, May, 1951. 


PHISOHEX AND PHISODERM. TRADEMARKS REG. U.S. & CANADA 
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